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PREFACE

This Rate Training Manual isore of & series of training manuals pre-
pared for enlisted personnel of the Navy and Naval Reserve who are
studying for advancement in the Aviation Structural Mechanic E (AME)
rating. As indicated by the title, the manual is based on the professional
qualifications for the rates AME3 and AME2, as set forth in the Manual of
Qualifications for Advancement, NavPers 18068 (Series). A reading list,
which includes USAFI texts recommended as study material for AME per-
shnnel. is provided in the front of the manual.

Combined with the necessary practical experience, the completion of
this manual wiil greatly assist the AMEAN and AMES3 in preparing for
advancement. This training manual should also be valuable as a review
source for the more senior rates.

This training manual was prepared by the Navy Training Publications
Center, NAS, Memphis, Millington, Tennessee, for the Naval Training
Command. Technical review of the manuscript was provided by personnel
of the AME (A) School, NAS, Memphis, Millington, Tennessee, the Naval
Examining Center, Great Lakes, [linois, and the Naval Aviation Integrated
Support Center, Patuxent River, Maryland. Technical assistance was also
provided by the Naval Air Systems Comnmand.

1972 Edition
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THE UNITcD STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy ts responsible for maintaining conirol of the sea
and is a ready forc. on watch at home and overseas. capable of strong
action to preserve the peace or of instant offensitve action to win in war.

It is upon the maintenance 2f this control that our country's glorious
future depends. the United States Navy exists 1o make 1t so.

WE SERVE WITH HONCR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our skipmates, and our families

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country 1s our special privilege. We serve with honor.

THE FUTURE OF THE MAVY

The Navy will always employ new weapons, new techniques, and

"greater power to protect and defend the United States on the sea, under

the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenarice of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Nuvy lie in a strong behef in the
iuture, In continued dedication to our tasks, and in reflection o-
heritage from the past.

Never have our opportunities and our responsibilities been g

it
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READING LIST

USAFI TEXTS

United States Armed Forces Institute (USAFI) courses for additional
reading and study are available through your Educational Services Officer.*
The following cours=s are recommended:

E 290 Physics 1

E 291 Physics II

*‘Members of the United States Armed Forces Reserve components,
when on active duty, are eligible to enroll for USAFI courses, services,
and materials if the orders calling them to active duty specify a period
of 120 days or more.”’
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CHAPTER 1

AVIATION STRUCTURAL MECHAN!ICE RATING

This training manual is designed as a self-
study text for use by those personnel of the Navy
and Naval Reserve who are preparing to meet
the professional (technical) qualifications for
advancement to petty officer third class and
petty officer second class in the rating of Avia-
tion Structural Mechanic E (Safety Equipment).
Minimum professional qualifications for ad-
vancement are listed in the Manual of Qualifica-
tions for Advancement, NavPers 18068 (Series).
In preparing for the advancement examination,
this manual should be studied in conjunction with
Military Requirements for Petty Officer 3 & 2,
NavPers 10056 (Series). The latter covers the
military requirements for all third and second
class petty officers, as well as detailed infor-
mation on the Naval Aviation Maintenance Pro-
gram (NAMP).

The intent of this chapter is to provide
information on the enlisted rating structure, the
AME rating, requirements and procedures for
advancement, and references that will help you
in performing your duties as an Aviation Struc-
tural Mechanic E. This chapter also includes
information on how to make the best use of Rate
Training Manuals, It is therefore strongly
recommended that you study this chapter care-
fully before beginning intensive study of the
remainder of the manual.

ENLISTED RATING STRUCTURE

The present enlisted rating structure con-
sists of general ratings and service ratings.

General ratings identify broad occupational
fields of related duties and functions. Some gen-
eral ratings include service ratings; others do
not, Both Regular Navy and Naval Reserve
personnel may hold general ratings.

Service ratings identify subdivisions or spe-
cialties within a general rating which require
related patterns of aptitudes and qualifications,

and which provide paths of advancement fo
career development. The general ratingprovide
the primary means of identifying billet require
ments and personnel qualifications; it is estat
lished or disestablished by the Secretary of th
Navy; and it is provided a distinctive ratir
badge. The term ‘‘rate’’ identifies personnt
occupationally by pay grade. ‘‘Rating ’’ refer
to the occupational field. Service ratings ca
exist at any petty officer level, but they ar
most common at the PO3 and PO2 levels. Bo!
Regular Navy and Naval Reserve personnel me
hold service ratings.

AVIATION STRUCTURAL MECHANIC
(AM) RATING

The AM rating is divided into three servi
ratings at paygrades E-4 through E-7. Tl
service ratings are AME (Safety Equipment
AMS (Structures),and AMH (Eydraulics).

At paygrades E-8 the general rating, Al
applies. Therefore, upon advancement to E-
paygrade E-7 personnel (AMEC’s, AMSC’s, ai
AMHC’s) are combined to become Senior Avi
tion Structural Mechanics (AMCS’).

At paygrades E-9 the AM rating loses i
icentity and personnel advance, along with ADC
to Master Chief Aircraft Maintenancemen(AF
CM’s).

Figure 1-1 illustrates all paths of advanc
ment for an Airman Recruit to Master Chi
Aircraft Maintenanceman, Warrant Offic
(W-4), or to Limited Duty Officer. Shadedare
indicate places in the enlisted path of advanc
ment where qualified personnel may advance
Warrant Officer (W-1) and selected Warrs
Officers inay advance to Limited Duty Office
Personnel in enlisted rates and warrant ran
not in a shaded area may advance only as inc
cated by the lines.
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In view of the critical nature of the safet,
2quipment with which the AME isconcerned,
present policy is that no Airman be designated
an AME striker and no Airman be promoted
to AMES3 unless he is a graduate of the AME
Class A school located at the Naval Air Tech-
nical Training Center, NAS, Memphis, Milling-
ton, Tennessee. This policy helps to insure that
no unqualified personnel performi maintenance
on the aircraft’s life-saving gaseous and liquid
oxygen systems. and that no well-meaning but
untraiped mechanics inspect, install, adjust or
otherwise workon the ejection seat, which is so
necessary to survival when needed.

In addition to the items mentioned in the
foregoing paragraph, personnel in the AME
rating maintain all other airborne safety equip-
ment, including safety belts and shoulder har-
nesses; canopy jettison systems; life raft re-
lease and fire extinguishing systems; the
air-conditioning, heating, and pressurization
systems; inertia reels; anti-g systems; and
visual improvement systems as well as asso-
ciated lines, fittings, rigging, valves, and control
mechanisms. In performingthese duties the AME
performs operational checks, locates troubles,
removes and replaces malfunctioning compo-
nents, and performs daily, preflight, postflight,
and periodic inspections under the assigned
AME scope.

Duty assignments available to the AME3
and AME 2 a:e limited only by the location of
operating aircraft. Billets exist on most car-
riers from the smallest to the largest., AME’s
assigned aboard carriers may be attachedeither
to the ship or to one of the embarked squadrons.
Regardless of how assigned, he will be working
with other AME’s assisting in keeping the air-
craft flying.

AME personnel play an equally important
role in patrol squadrons, which constitute a
portion of the nation’s anti-submarine warfare
protection. By hard work andinitiative, the AME
may become qualified as an aircrewman in
patrol type aircraft.

Many interesting overseas shore billets exist
for AME’s. If married, some third class and
all second class petty officers may qualify to
bring their dependents to these overseas loca-
tions at government expense. Shorter dutytours
usually prevail at the few overseas stations
where dependents are not allowed or choose not
to go.

Between sea tours, the AME Third or Second
Class may be assigned t» one of the many naval

)

air stations along the Gulf, East Coast, and West
Coast. In addition, a few naval air stations lo-
cated inland, from which aircraft are operated
and AME's may be assigned.

LEADERSHIP

One does not have to be a member of the
Arnied Forces very long before he realizesthat
more leadership is required of the higher rates,
Advancement not only entails the acquisition of
superior knowledge, but also the demonstrated
ability to handle people. This ability increases
in importance as one advances through the petty
officer rates.

In General Order No. 21, the Secretary of
the Navv outlined some of the most important
aspects of naval leedership. By naval leader-
ship is meant theart ol ..ccomplishingthe Navy’s
mission through peopie. It is the sum of those
qualities of intellect, ¢f humnan understanding,
and of moral character that enable a man to
inspire and to manage a group of people suc-
cessfully. Effective leadership tnerefore is
based on personal example, good management
practices, and moral responsibility. The term
leadership includes all three of these elements,

The current Navy Leadership Program is
designed to keep the spirit of General Order
No. 21 ever before Navy personnel. If the
threefold objective is carried out-effectively
in every command, the program will make
better leaders of men in their present and future
assignments. As one advances up the leadership
ladder, more and more of L:is worth to the Navy
will be judged on the basis of the amount of ef-
ficient work obtained from his subordinates
rather than how much of the actual work is
performed by himself,

For further information on the practical
application of leadership and supervision, the
latest edition of Military Requirements for Petty
Officer 3 & 2, NavPers 10056-C, should be
studied. The principles and problems of navai
leadership covered in NavPers 15924 (Series)
and the Leadership Checklist for Petty Officers,
NavPers 2932~ | will be useful tools in develop-
ing sound leadership traits.

ADVANCEMENT
Some of the rewards of advancement are

easy to see. You get more pay. Your job as-
signments become more interesting and more
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challenging. You are regarded with greater
respect by officers and enlisted personnel.
You enjoy the satisfaction of getting ahead in
your chosen Navy career.

The advantages of advancement are not yours
alone, The Navy also profits. Highly trained
personnel are essential to the functioning of the
Navy. By advancement, you increase your value
to the Navy in two ways: First, you become
more valuable as a technical specialist in your
own rating; and second, you become more
valuable as a person who can train othrs and
thus make far-reaching contributions to the
entire Navy.

HOW TO QUALIFY
FOR ADVANCEMENT

What must youdc to qualify for advancement?
The requirements may change from time to
time, but usually you must:

1. Have a certain amount of time in your
present grade.

2. Complete the required Rate Training
Manuals by either demonstrating a knowledge
of the material in the manual by passing a
locally prepared and administered test, or by
passing the Enlisted Correspcendence Course
based on the Rate Training Manual.

3. Utilizing an appropriate Personnel Quali-
fication Standard (when applicable)as a guideline,
become qualified and demonstrate your ability
to perform all the practical requirements for
advancement by completing the Record of Prac-~
tical Factors, NavPers 1414/1,

4. Be recommended by your commanding
officer, after the petty officers and officers
supervising your work have indicated that they
consider you canable of performing the duties
of the next higher rate,

5. Successfully complete theapplicable mili-
tary/leadership examination which is required
prior to participating in the advancement (pro-
fessional) examination.

Some of these gen=i... recuirements may be
modified in certain wzys. Figure 1-2 gives a
more detailed vi-w of the requirements for
advancement cf . ‘tive duty personnel; figure
1-3 gives this nformation for inactive duty per-
sonnel,

Remember : i t'2 -equirements for ad-
vancement can c: .. Check with your edu-
cational services office to be sure that you
know the most recent requirements.

Advancement is not automa:c. After ynu have
met all the requirements, you are eligible for
advancement. You will actually be advanced
only if you meet all the requirements (including
making a high enough score on the written
examination) and if quotas permit,

HOW TO PREPARE
FOR ADVANCEMENT

What must you do to prepare for advance-
ment? You must study the qaalifications for
advancement, work on the personal qualification
standard and practical factors, study the re-
quired Rate Training Manuals, and study other
material that is required, You will need to be
familiar with the following:

1. Manual of Qualifications for Advance-
ment, NavPers 18068 (Series),

2. Personnel Qualification Standard for the
equipment/system and rating assigned,

3. Record of Practical Factors, NavPers
1414/1, .

4, Bibliography for Advancement Study,
NavTra 10052 (Series),

5. Applicable Rate Training Manuals and
their companion Enlisted Correspondence
Courses.

6. Examinations for advancement.

Collectively, these documents make up an
integrated training package tied together by the
qualifications, The following paragraphs de-
scribe these materials and give s~me iafcrma-
tion on how each one is relatedtothe uihers.

‘““Quals’’ Manual

The Manual of Qualifications for Advance-
ment, NavPers 18068 (Series) gives the mini-
mum requirements for advancement. This man-
ual is usually called the ‘‘Quals’’ Manual, and
the qualifications themselves are often called
‘‘quals’’, The qualifications are of two Jeneral
types: military requirements, and professional
(or technical) qualifications.

Military requirements apply to all ratings
rather than to any one particular rating, Mili-
tary requirements for advancement to third
class and second class petty officer rates deal
with military conduct, naval organization, mili-
tary justice, security, watch standing, and other
subjects which are required of petty officers in

1 other ratings.
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Specified ratings must complete |
applicable performance tests be-
fore taking examinations.

PERFORMANCE
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RATE TRAINING
MANUAL (INCLUD:

ING MILITARY
REQUIREMENTS)
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* All advancements require commanding officer’s recommendation.

t+ 1 year obligated service required for E-5, and E-6: 2 years for E~7,E-8,and E-9,
# Military lerdership exam required for E-4 and E-5.

** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used,

t+ Waived for qualified EOD personnel,

Figure 1-2,—Active duty advancement requirements,
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’

Professional qualifications are technical or
professional requirements that are directly
related to the work of each rating,.

Both the military requirements and the pro-
fessional qualifications are dividied into subject
matter groups; then, within each subject matter
group, they are divided into practical factors
and knowledge factors. Practical factors are
things you must be able to DO, Knowledge factors
are things you must KNOW in order to perform
the duties of your rate.

The qualifications for advancement and a
bibliography of study materials are available
in your educational services office. Study these
qualifications and the military requirements
carefully, The written examination for advance-
ment will contain questions relating to the
knowledge factors and the knowledge aspects of
the practical factors of both the military re-
quirements and the profc+sional qualifications.
If you are working for ‘vancement to second
class, remember that you may be examined on
third class qualifications as well as on second
class qualifications.

It is essentlal that the ‘‘quals’’ reflect current
requirements of fleet and shore operations, and
that new fleetwide technical, operational, and
procedural developments be included. For these
reasons, the qualifications are continually under
evaluation. Although there i8 an established
schedule for revisions to the ‘‘quals’’ for each
rating, urgent changes to the ‘‘quals’’ may be
made at any time. These revisions are issued
in the form of changes to the ‘‘Quals’’ Manual.
Therefore, never trust any set of ‘‘quals’’ until
you have checked t'w  hange number against an
up-to-date copy ¢ : the ‘Quals’’ Manual, Be 8ure
you have the late: ' revision,

Personnel Qualification Standards

Personnel Qualification Standards (PQS) are
presently being developed to provide guldeliues
in preparing for advancement and qualification
to operate specific equipment and systems, They
arce designed to support the advancement re-
quirements as stated in the ‘‘Quals’’ Manual,

The ‘‘Quals’’ and Record of Practical Factors
are gtated In broad terms. Each PQS I8 much
more 8pecific in 1ty questions that lead to
qualification, It provides an analysls of spcclfic
oquipment and duties, agsignments, or respon-
gibilities which an individual or group of in-
dividuals (within the same rating) may be called
upon to carry out, In other words, cach PQS

provides an analysis of the complete knowledge
and skills requirsd of that rating tied to a
specific weapon sy stem (aircraft and, or in-
dividual syste:.s or components).
Each qualification standard has four main
- abdivisions in addition to an introduction and
"~ ssary of PQS terms. They are as follows:

'00 Series-Theory

200 Series-Systems

300 Series-Watchstations (duties, assign-
ments, or responsibilities).

400 Series-~Qualification cards

The introduction explains the complete use
of the qualification standard in terms of what
it will mean to the user aswellas how to use it,

The Theory (100 Series) section specifies
the theory background requiredas a prerequisite
to the commencement of study in the specific
equipinent or system for which the PQS was
written. These fundamentals are normally taught
in the formal schools (Preparatory, Funda-
mentals, and Class A) phase of an individual’s
training, However, if the individual has not been
to school, the requirements are outlined and
referenced to provide guidelines for a self-study
program.

The Systems (200 Series) sectlion breaks
down the equipment or systems being studled
into functional sections. PQS items are es-
gentlally questions asked In clear, conclse
statement (question) form and arranged in a
gtandard format., The answers to the questions
must be extracted from the varlous mainten-
ance manuals coveringthe equipment or systems
for which the PQS was written, Thlg section asks
the user to explain the functlon of the system,
to draw a simplified verslon of the system
from memory, and to use this drawn schematic
or the schematic provided in the maintenance
manual while studying the system or equipmunt,
Emphasis 18 given to such areas as malntenance
management procedures, components, compon-
ent parts, principles of operation, system !nter-
relations, numerical values considered neces-
sary to operation and malintenance, and safety
precautions.

The Watchstation (300 series) section in-
cludes questions regarding the procedures the
individual must kaow to operate and maintainthe
equipment or 8ystem. A study of the {tems in
the 200 sories soction providen the individual
with the required information eoncerning what
the system or equipmeoent doos, how it does it,

13
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and other pertinent aspects of operation. In the
300 series section, the questions advance the
qualification process by requiring answers or
demonstrations of ability to put this knowledge
to use or to cope with maintaining of the system
or equipment, Areas covered include normal
operation; abnnormal or emergency operation;
emergency procedures whichcouldlimitdamage
and/or casualties associated with a particular
operation; operations that occurtoo infrequently
to be considered mandatory performance items;
and maintenance procedures/instructions such
as checks, tests, repair, replacement, etc.

The 400 series section consists of the qualifi-
cation cards. These cards are the accounting
documents utilized to record the individual’s
satisfactory completion of items necessary for
becoming qualified in duties assigned. Where
the individual starts in completing a standard
will depend on his assignment withinanactivity.
The complete PQS s given to the individual
being qualified so that he can utilize it at every
opportunity to become fully qualified in all
areas of his rating and the equipment or system
for which the PQS was written, Upon transfer
to a different activity, each individual must
requalify. The angwers to the questiong asked
in the qualification standards may be glven
orally or in writing to the supervisor, the
branch or division officer, and maintenance
officer as required to certify proper qualifi-
cation. The conmpletion of part or all of the
PQS provides a basis for the guperviging petty
officer and officer to certify completion of
Practical Factors for Advancement,

Record of Practical Factors

Before you can take the Navy-wide examina-
tion for advancement, there must be an entry in
your #8erviee record to show that you have
qualified in the practical factors of both the
military requirements and the professional
qualifications, A specilal form known as the
Record of Practical Factors, NavPers 1414/1
(plus the abbreviation of the appropriate rating),
I8 used to keep a record of your practical
factor qualifications. The formnlists all practical
factors, both military and professional. As you
demonsitrate your ability to perform cach prac-
tical factor, appropriate entries are made I
the DA'TE and INITIALS eolumns,

Changes are made perfodieally to the Manual
of Qualifications for Advancement and revised
torms of NavPers 1414/1 are provided when

]

14

necessary. Extra space is allowedonthe Record
of Practical Factors for entering additional
practical factors as they are published in
changes. The Record of Practical factors also
provides space for recording demonstrated
proficiency in skills whichare withinthe general
scope of the rate but which are not identified
as minimum qualifications for advancement.

If you are transferred before you qualify in
all practical factors, NavPers 1414/1 should be
forwarded with your service record to your next
duty station. You can save yourself a lot of
trouble by making sure that this formis actually
inserted in your service record before you are
transferred. If the form is not in your service
record, you will be required to start all over
again and requalify in the practical factors
which have already been checked off.

A second copy of the Record of Practical
Factors should be made avallable to each man
in pay grades E-2 through E-8 for his personal
record and guidance,

The importance of NavPers 1414/1 cannot
he: overemphasized. It serves as a record to
indicate to the petty officers and officers
supervising your work that you have demon-
strated proficlency in the performance of the
indicated practical factors and is part of the
criteria utilized by your commanding officer
when he considers recommending you for ad-
vancement. In addition, the proficient demons-
tration of the applicable practical factors listed
on thigs forn ~an aild you in preparing for the
examination for advancement., Remember that
the knowledge aspects of the practical factors
are covered in the examinations for advance-
ment, Certaln knowledge 18 required to demon-
strate thege practical factors and additional
knowledge can he acquired during the demons-
tration. Knowledge factors pertain to that
knowledge which 18 required to perform a
certain joh, In other words, the knowledge
factors required for a certain rating depend
upon the johs (practical factors) that must be
performed by personnel of that rating, There-
fore, the knowledge required to proficiently
demonsgtrate these practical factors will de-
finitely aid you in preparing for the examination
for advancement.

NavTra 10052
Bibliography for Advancement Study, NavTra

10052 (Series), 18 a very tmportant publication
for anyone preparing for advancement. Thig
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bibliography lists required and recommended
Rate Training Manuals and other reference
material to be used by personnel working for
advancement, NavTra 10052 is revised and
issued once each year by the Naval Training
Command. Each revised edition is identified by
a letter following the NavTra number. When
using this publication, be sure that you have
the most recent edition.

If extensive changes in qualifications occur
between the annual revisions of NavTra 10052,
a supplementary list of study material may be
issued In the form of a Notice. When you are
preparing for advancement, check to see whether
changes have been made in the qualifications,
If changes have been made, see if a Notice has
been issued to supplement NavTra 10052.

The required and recommended references
are listed by rate level in NavTra 10052. If
you areworking for advancement to third class,
study the material that is listed for third class.
If you are working for advancement to second
class, study the material that is listed for
gecond class. Remember that you are also
responsible for the references listed at the
third class level.

In using NavTra 10052, you will notice that
some Rate Training Manuals are marked with
an asterisk (*). Any manual marked In this
way I8 MANDATORY-that Is, it mustbecom-
pleted at the indicated rate level before you are
eligible to take the Navy-wide examination for
advancement. Each mandatory manual may be
completed by passing the appropriate enlisted
correspondence course that is based on the
mandatory training manual; passing locally
prepared tests hased on the information given
in the training manual, or in some cases,
successfully completing an appropriate Class A
School.

Do not overlook the section of NavTra 10052
which lists the required and recommended
references relating to the military standards/
requirements for advancement. For example,
all personnel must complete the Rate Tralning
Manual, Military Requirements for Petty Officer
3 & 2, NavPers 10056 (Series), for the appro-
priate rate level before they can bhe eligible to
advance,

The references in NavTra 10052 which are
recommended, but not mandatory, should also
be studied carefully. All references listed in
NavTra 10052 may be usgcd as source material
for the written examinations at the appropriate
riate levels,

Rate Training Manuals

There are two general types of Rate Train-
ing Manuals. Rating manuals (such as this one)
are prepared for most enlisted rates, giving
information that is directly related to the pro-
fessional qualifications. Basic manuals give
information that applies to more thdan one rate
and rating. Basic Electricity, NavPers 10086
(Series), is an example of a basic manual,
because many ratings use it for reference.

Rate Training Manuals are produced by field
activities under the management control of the
Chief of Naval Training, exercised through the
Naval Training Support Command. Manuals are
revised from time to time to keep them upto
date technically. The numbering system is being
changed from NavPers to NavTra. The revision
of a Rate Training Manual is identified by a
letter following the NavPers or NavTranumber.
You can tell whether any particular copy of a
Rate Trainine Manual is the latest edition by
checking the 1.umber in the most recent edition
of List of Training Manuals and Correspondence
Courses, NavTra 10061 (Series). NavTra 10061
is actually a catalog that lists training manuals
and correspondence courses; you will find this
catalog useful in planning your study program.

Rate Training Manuals are designed to help
you prepare for advancement. The following
suggestions may help you to make the best use
of this manual and other Navy training publica-
tions when you are preparing for advancement,

1, Study the military requirements and the
professional qualifications for your rate before
you study the training manual, and refer to the
‘‘quals’’ frequently as you study. Remember,
you are studying the training manual in order
to meet thege ‘‘quals,”’

2. Set up a regular study plan, If possible,
scheduled your studying for a time of day when
you will not have too many interruptions or
distractions.

3. Before you begin to study any part of the
training manual intensively, become familiar
with the entire manual. Read the preface and
the table of contents. Check through the index.
Look at the appendixes. Thumb through the
manual without any particular plan, looking at
the {llustrations and reading bits here andthere
ag you see things that interest you.

4, Look at the training manual in more detall,
to see how it 18 organized. Look at the table of
contents again, Then, chapter by chapter,
read the introduction, the headings, and the

1o



AVIATION STRUCTURAL MECHANIC E 3 & 2

subheadings. This will give you a clear picture
of the scope and content of the manual. As you
look through the manual in this way, ask your-
self sor e questions: What do I need to learn
about this? What do I already know about this?
How is this information related to information
given in other chapters? How isthis information
related to the qualifications for advancement?

5. When you have a general idea of what is
in the training manual and how it is organized,
fill in the details by intensive study. In each
study period, try to cover a complete unit=it
may be a chapter, a section of a chapter, or a
subsection. If you know the subject well, or if
the material is easy, you can cover quite a lot
at one time. Difficult or unfamiliar material
will require more study time,

6, In studying any one unit—ch’ nter, section,
or subsection-write down the questions that
occur’ to you. Many people find it helpful to
make a written outline of the unit as they study,
or ai least to write down the most important
ideas.

7. As you study, relate the information in
the training manual to the knowledge you already
have. When you read about a process, a skill,
or a situation, try to see how th! information
tles in with your own past experience.

8. When you have finished studying - unit,
take time out to see what you have learned.
Look back over your notes and questions,
Maybe some of your questions have been ans-
wered, but perhaps you still have some that
are not answered. Without referring to the
training manual, write down the main ideas that
you have learned from studying this unit. Do
not quote the manual. If you cannot give these
ideas in your own words, the chances are that
ycu have not really mastered the information.

9. Use Enlisted Correspondence Courses
whenever you can. The correspondence courses
are based on Rate Tralning Manuals or onother
appropriate texts, As mentioned before, com-
pletion of a mandatory Rate Training Manual
can be accomplished by passing an Enlisted
Correspondence Course based onthe Rate Train~
ing Manual. You will probably find it helpful
to take other correspondence courses, as well
as those based on mandatory training manuals.
Taking a correspondence course helps you to
master the Information given in the training
manual, and also helps you see how much you
have learned.

10. Think of your future as you Study Rate
Training Manuals. You are working for
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advancement to third class or second class
right now, but someday you will be working
toward higher rates. Anything extra that you
can learn now will help you.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how *o find out more about it,
No single publication can give you all the infor-
mation you need to perform the duties of your
rating. You should learn where to look for
accurate, authoritative, up-to- :ate information
on all subjects related to the nitlitary require-
ments for advancement aud the professional
qualifications of your rating.

Some of the publications described in this
manual are subject to change or revision from
time to time—some at regular intervals, others
as the need arises. When using any publication
tuat is subjcct to change or revision, be sure
that you have the iatest edition. When using any
publication that is kept current by means of
changes, be sure you have a cop, in which all
official changes have been made, Studying can-
celed or obsolete iaformation will not help you
perform e.ficientty cr to advance; it is likely
tobe a waste of time, and may even be seriously
misleading.

Some publications that you will need to Study
or rofer to as you prepareforadvancement have
already been discussed earlier in this chapter.
Additional publications that you may find useful
are as follnss:

Tools and Thelr Uses, NavPers 10085-B,

Blueprint Reading and Sketching, NavPers
10077-C.

Basic Electricity, NavPers 10086-B (Chap-
ters 1, 2, and 4).

Fluid Power, NavPers 16193-B.

In addition, you may find it useful to consult
some of the Rate Trailning Manuals prepared for
other Group IX (Aviation) ratings. Reference to
these Rate Tralning Manuals will add to your
knowledge of the dutles of other personnel inthe
fleld of aviation.

Naval Air Systems Command (NavAlr) pub-
lications of significant interest to the AME are
discussed in chapter 2 of this manual.

Training films available to naval personnel
are also a valuable source of information on
many technical subjects. These films are listed
in the United States Navy Film Catalog, NavAir
10-1-777, and supplements.



CHAPTER 2

AERONAUTIC PUBLICATIONS

Aeronautic publicat’ asare it sued by author-

ity of the Commande - ¢. the Nava! Air Systems
Command. These pubt’icz 1cns ave ‘he sources
of information for gu. !ing raval personnel in
the operation and main.cnarce of all aircraft
and related equipment wituin the Naval Estab-
lishment. By proper use of these publications,
all aircraft and other aeronautic equipment can
be operated and maintained efficiently and uni-
formly throughout the Navy.

Aeronautic publications may »: v rouped into
two major classes or groups—taic:r issued in
the form of MANUALS, and tho<: *.cued in the
form of LETTER MATERIAL.

When a new alrcraft, engine, accessory, or
other item of equipment is acceptedbythe Navy,
manuals necessary to insure its proper opera-
tion and upkeep are prepared and issued to all
activities using and/or maintaining the equip-
ment. Supplemental information and other di-
rective type publications that must be issued
from time to time are issued in the form of
letter material. Both manual and letter publica-
tions may, on occasion, be properly referred to
as directives. Broadly speaking, any commun-
ication which initiates or governs action, con-
duct, or procedure is a directive.

All aeronautic publications, both manual and
letter type, are assigned a title and code num-
ber. When they are available for issue, all
publications, except Instructions and Notices,
are listed in the Naval Aeronautic Publications
Index.

NAVAL AERONAUTIC PUBLICATIONS
INDEX

The Naval Aeronautic Publications Index is
made up of six parts, each of which serves a
gpecific purpose. They are identified ag follows:

Airborne Weapons/Stores, Conventional/Nu-
clear, Checklists/Stores Reliability Cards/
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Manual, NavAir 01-700. This part of the publi-
cations index is not used by AME personnel and
therefore is given no further coverage in this
chapter.

Navy Stock List of Forms and Publications,
NavSup Publication 2002, Section VIII, Parts C
and D, Numerical Sequence List {also referred
to as Numerical Index).

Equipment Applicahility List (Volumes 1
through 7), NavAir 00-500A.

Aircraft Application List, NavAir 00-500B.

Directives Application List, NavAir 00-500C.

Letter Type Technical Directives Equipment
and Subject Application List, NavAir 00-500D.

A description of these lists and their usesis
presented in the following paragraphs.

NUMERICAL SEQUENCE LIST

NavSup Publication 2002 isa13-section u.de~
of all the forms and publications used throughout
the Navy and stocked by the Naval Supply Sys-
tems Command. Section VIII of this Stock List
contains Naval Air Systems Command (NavAir-
SysCom) publications. This section is made up
of four parts—A, B, C, and D. Parts A and B
pertain to ordnance publications. Part C is the
numerical listing of manual type aeronautic tech-
nical publications, and Part D is the numerical
listing of letter type publications. These two,
Parts C and D, are referredto asthe Numerical
Sequence List or Numerical Index of the Naval
Aeronautic Publications Index.

Part C (manual publications) contains its
table of contents, as well as the instructions for
using both Parts C and D of NavSup Publication
2002. Included in these Inctructions are the
method for procuring aeronautic publications,
the forms and procedures required for ordering
publications, and explanations of certain codes
used in the Index. Also a listing of canceled
publications for Part C is contained in the last
pages of Part C.

1
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Part C is divided into subject matter groups,
and all publications within a group are then
listed in numerical order. For example, all
manuals in the 00 series are listed first, then
followed by the 01, 02, 03, etc., through the 51
series. The listing includes the publication code
number, stock number, title, date of latest issue
or revision, security classification, requisition
restriction code, and basic or change code. A
listing of the general subject groups i€ shownin
table 2-1.

Part D (letter type directives) contains a
table of contents, a general alphabetical cross-
reference listing, and a listing of Air Force-
Navy code cross-references.

Table 2-1.—General subject classificationnum-
bers for manual type publications.

General . ........... .. ..., 00
Adreraft . . ............ .. ... ..., 01
Powerplants ... ................... 02

(02A reciprocating engines, 02B jet

engines, 02F rocket engines)
Accessories . ...... ... iy 03
Hardware and Rubber Material. . ... ... .. 04
Ingtruments . ..................... 05
Fue's, Lubricants, and Gases .......... 06
DopesandPaints . . ................. 07
Electronics. . . ... ... .......... 08 & 16
Instructional Equipment and Training

Alds. .. ....... ... L, 09 & 28
Photography ........ e e e e 10
Aviation Armament. . ... ............. 11
Fuel and Oil Handling Equipment J S ¥/
Parachute and Personal Survival

Equipment . ... e e e e e e 13
Hangers and Flying Field Equipment ...... 14
Standard Preservation and

Packaging Instructions . ............ 15
Machinery, Tools, and Test

Equipment. . . .. ..... .. ... . 17 & 18
Ground Servicing and Automotive

Equipment. . . .. ............ ... .19
Descriptive Data Sheets for Aviation

Support Equipment . e e e e 20

(Being superseded by Ground Support

Equipment Nlustrations (GSEI))
Chemical Equipment........... . .24 & 39
MeteorologY . . v v v vt et et e e e 50
Ship Ingtallations . . .. ............... 51

Part D is divided into a number of subsec-
tions. Included among those of interest’ to the
AME are general, aircraft, accessories, and
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support equipment. Listed in thegeneral section
are Aircrew System Bulletins and Changes,
Aviation Clothing and Survival Equipment Bulle-
tins and Changes, Technical Orders, and Tech-
nical Notes. In the aircraft section are listed
all Aircraft Changes and Bulletins. The acces-
sories section contains a listing of all Acces-
sories Changes and Bulletins. The support equip-
ment section contains a listing of all Support
Equipment Changes and Bulletins.

The Numerical Index must be used to com-
pletely identify and, therefore, to order required
publications. However, the other parts of the
Index (discussed in the following paragraphs)
must be used to determine what publicationsare
available for a specific item of equipmentandto
check the applicability of publications to specific
equipment.

When an applicable publication number is
found in one of the other parts of the Naval
Aeronautic Publicatior Index, it can be easily
located in the Numerical Index. Here, it can be
more completely identified as to title and no-
menclature, stock number (for manual type
publications), security classification, and any
restrictions concerning the requisitioning of the
publication. In addition, the date of the latest
issue or revision of the publication is listed.
This provides a means whereby the issue and/or
revision dates of the publications on hand in an
activity can be checked against the dates listed
in the current issue and supplement (discussed
later) of the Numerical Index, thus assuringthat
the publications are current.

EQUIPMENT APPLICABILITY LIST

Basically, the Equipnient Applicability List,
NavAir 00-500A, is a cross-reference index
listing of Naval Air SystemsCommand (NavAir-
SysCom) publications of aircraft components
and related equipment according to model, type,
or part number.

Since this index contains sgeveral thousand
entries, one volume would be very cumbersome
to use. For this reason, this index is divided
into several volumes. At the time of this writing,
there are seven volumes.

With the exception of several small sections
in the first part of Volume 1, the Equipment
Applicabillty List is one continuous index of
model, type, or part numbers in alphanumerical
sequence.

In addition to an Introduction, which explains
the headings at the top of each page, the other
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sections in the first part of Volume 1 pertain
primarily to manuals for aircraft, weapons sys-
tems, and aircraft engines. Therefore, the publi-
cation numbers are listed according to aircraft,
aircraft engine, and weapons system designation.

The EqQuipment Applicability List should be
used when attempting to determine what publica-
tions are available on aparticular item of equip-
ment, and the manufacturer and part number of
the item are known.

AIRCRAFT APPLICATION LIST

The Aircraft Application List, NavAir 00-
500B, contains a listing of all manuals grouped
according to their application to an aircraft.
This part of the index does not contain listings
of any letter type publications, and all manuals
are listed by publication code number only.

A list of basic numbering categories is pro-
vided in the front of the book. This list may be
used in determining the general type of equip-
ment covered in a publication. For determining
the specific item of equipment covered by a
publication and the title of the publication, refer-
ence should be made to Part C of Section VIII in
NavSup Publication 2002.

The Aircraft Application List is especially
handy for determining what manuals are avail-
able for a particular model of aircraft. Included
under each model is a complete listing of ap-
plicable manuals. This listing includes all al-
lowance lists, aircraft manuals, engine manuals,
accessories manuals, etc., pertaining to that
particular model of aircraft.

DIRECTIVES APPLICATION LIST
BY AIRCRAFT CONFIGURATION

The Directives Application List by Aircraft
Configuration, NavAir 00-500C, contains a list-
ing of the active Naval Air Systems Command
letter type technical directives with respect to
their applicability to aircraft, The lists in this
volume are arranged first by aircraft series,
gecond by aircraft configuration, and third by
Airframe/Aircraft Bulletin and/or Changenum-
bers. NOTE: Configuration refers to modifi-
cations made to a basic aircraft model. For
instance, A-4A, A-4B, TA-4F, etc., are all
different configurations of the A-~4 aircraft
model.
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EQUIPMENT AND SUBJECT
APPLICABILITY LIST

The Fquipment and Subject Applicability
List, NavAir 00-500D, is a relatively recent
addition to the Naval Aeronautic Fublications
Index. It contains a cross-reference index list-
ing of Naval Air Systems Command letter type
technical directives. It serves thesame purpose
for letter type technical directivesasthe Equip-
ment Applicability List, NavAir 00-500A, does
for technical manuals. However, since the Nav-
Air 00-500D lists only those model/type part
numbers for which technical directives have
been issued, it is much smaller than the NavAir
00-500A. The complete List is contained in one
volume but is divided into two parts. Part A is
the Equipment Index and Part B is the Subject
Index.

Part A contains a listing of all Naval Air
Systems Command letter type technical direc-
tives on aircraft components and related equip-
ment by model/type part number. Each number
is listed in alphanumerical sequer.ce within its
cognizant equipment series. At the present
time, Part A is divided into nine series. The
Accessories, Aircrew Systems, and Clothing and
Survival Equipment Series are of most interest
to AM personnel.

Part B of NavAir 00-500D contains a listing
of active Naval Air Systems Command letter
type directives by subject. This part of the List
pertains primarily to Airframe Bulletins and
Changes.

UPDATING THE INDEX

Fach List in the Naval Aeronautic Publica-
tions Index is updated at regular intervals by
the issuance of a new list. In addition, some of
these Lists are kept current by the periodic
issuance of supplements between issues of the
Basic List. The dates and intervals of the is-
suance of new Lists and supplements have
changed from time to time in the past.

At the time of this writing, the Numerical
Index (Parts C and Dof NavSup Publication 2002)
is issued annually in September. Supplements
are igsued bimonthly between each basic issue,
The Equipment Applicability List, NavAir
00-500A, is issued annually in November. This
List is kept current by the issuance of quarterly
supplements between each basic i88ue, The Afr-
craft Application List, NavAir 00-500B, is issued
in March and September, and the Directives
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Application List by Aircraft Configuration, Nav-
Air 00-500C, is issued in January and July of
each year. Supplements are not issued for these
Lists.

The Equipment and Subject Application List,
NavAir 00-500D, is issued in May and November
of each year, and as of this writing, supplements
will be issued as the information is developed.

Supplements list all aeronautic publications
distributed during the previousperiod, and those
publications that have been superseded, can-
celed, or revised. Supplements are cum ‘ative,
that is, all material from the preceding supple-
ment is incorporated in the latest supplement;
therefore, at any given time, not more than one
supplement is in effect for any List. Naturally,
the reissue of a basic List cancels theoutstand-
ing supplement.

Supplements for the Numerical Index (Parts
C and D of Section VIII of NavSup Publications
2002) are identified by the word ‘‘supplement’’
printed near the upper right-hand corner of the
cover. Supplements tothe NavAir 00-500A Series
publications are identified by the word ‘“supple-
ment’’ printed in the middle of the cover page.

PUBLICATIONS NUMBERING SYSTEM

Code numbers are assigned to all publica-
tions in order that they may be identified, in-
dexed, and filed. A knowledge of the numbering
systems used will enable the AME to locate any
desired inforrnation with a minimum of effort.
A brief explanation of the coding of manuals
listed in the index is given in the following sec-
tions. Coding for letter type material is covered
later in this chapter.

Code numbers assigned to manuals consist
of a prefix and a series of three parts. The pre-
fix consists of letters which identify the origi-
nator of the publication.

NavAir is the prefix assigned to technical
publications originated by the Naval Air Sys-
tems Command. In the stock list, itisshortened
to NA.

The three parts which make up the remain-
ing portions of the number indicate the following:

Part I is a two-digit number that indicates
the general subject clasgsification of the equip-
ment covered by the publication. Table 2-1lists
the general subject categories and the appro-
priate two-digit numbers.

Part II of the publicatio.., code number con-
sists of numbers and/or numbers and letters
and indicates the specific class, group, type,
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or model and manufacturer of the equipment.
The subject breakdowns are listed at the begin-
ning of each separate major division within the
Numerical Index.

Part IN consists of a number or numbers
which designate a specific manual. For aircraft
and powerplants, this number designates a spe-
cific type of manual. For other types of equip-
ment, this part is assigned innumerical sequence
and has no reference to the type of manual.

Figure 2-1 illustrates the identification and
decoding of a complete manual publication num-
ber.

SECURITY OF CLASSIFIED
PUBLICATIONS

The Department of the Navy Security Manual
for Classified Information (OpNav Instruction
5510.1 Series), issued by the Chief of Naval
Operations, is the basic security directive re-
lating to safeguarding classified information.
Its provisions apply to all military and civilian
personnel and to all activities of the Naval
Establishment.

The manual containsdetailed instructions for
classifying, marking, and handling classified
information, and for access to and authorized
disclosure of the information.

The AME, from time to time, has occasion
to use classified publications relating to the
performance of his work. Beforche accepts such
publications he must be cleared to the appro-
priate degree to handle this classified matter.
It is then mandatory that he have knowledge of
and abide by the instructions in the Security
Manual pertaining to handling classified ma-
terial.

Publications listed in the Numerical Index
(Parts C and Dof Section VIIIof NavSup Publica-
tion 2002) are unclagsified unless otherwise
marked ‘1"’ (confidential) or ‘‘4’’ (secret)inthe
column headed PS (physical security). The Index
is not classification authority. The supplements
to the Index contain information of classifica-
tion action on ‘‘when-occurring’’ basis.

MANUAL TYPE PUBLICATIONS

To attain a satisfactory state of readiness,
technical manuals are developed, published, and
distributed concurrently with the weapon system
or equipment that they cover. Periodic changes
and revisions are issued as necesgsary toinsure
that manuals continually reflect equipment
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Prefix Part I

Part II

Part 111

)

A NavAirSysCom originated publication J

pertaining to an aircraft

—

NA

85 ADA 2 2

L2}

built by Grumman £ i ~raft Engineering Corporation

The particular model is the A-6A,

the publication is a Maintenance Instructions Manual,

and this entire code number identifies a particular volume

of the Maintenance instructions Manual.

AM.176

Figure 2-1,—Identificaticn and decoding of manual publication code number.

changes and current operational and support
concepts and procedures.

The Rapid Action Change (RAC) System pro-
vides a quick response capability for the delivery
of urgently required technical information.
Under this system, information affecting flight
safety, hazards to personnel, or grounding of
aircraft is disseminated via naval message and
immediately incorporated into the affected man-
ual. A manual change page followup is then re-
quired within 15 days of the release of the mes-
sage. Information of a less urgent nature is
disseminated by RAC change pages that must be
printed within 30 days after problem resolution
and is generally limited to 12 pages or less.

The RAC System for manual changes re-
places the previous Interim Manual Change Sys-
tem but does not affect the normal manual
change and revision requirements. It merely
supplements the existing Normal Change Sys-
tem to provide for rapid issue of urgently re-
quired data which previously was not available
to the user for long periods of time due to sys-
tem red tape, such as routing and printing delays.

As shown in table 2-1, manuals are published
in a number of different general subject cate-
gories. Those of special interest to the AME3
and AME2 are the General Manuals (00 series),
Aircraft Manuals (01 series), and the Accesso-
ries Manuals (03 series). Certain manuals in
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other series may be usedoccasionally, but those
listed here¢ are of special importance to the
Aviation Structural Mechanic.

GENERAL MANUALS (00 SERIES)

As indicated by the title, this series of man-
uals includes information of interest to allnaval
aviation personnel. Included are four parts of
the Naval Aeronautic Publications Index (00-
5004, 00-500B, 00-500C, and 00-500D, already
described), NavAir Outfitting Lists and Allow-
ance Lists, and Aviation Training Literature.

Allowance Lists and Outfitting
Lists (00-35Q Series)

Allowance Lists and Outfitting Lists consist
of listings of the equipment and materialneces-
sary to place and maintain various activities in
a material readiness condition. These allow-
ances are based on known or estimated require-
ments or on available usage data.

Allowance Lists are identified by SECTIONS.
Certain sections such as A, H, and Kare issued
as Individual publications. Others such as B and
R appear as a series of publications, each of
which i8 applicable to a specific model of equip-
ment, model of aircraft, or type of activity,

21
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The AME should be familiar with thefollow-
"ing sections:

Section A, Standard Aeronautical and Navy
Stock Account Material.

Section B, Airframe and Engine Maintenance
Parts. This section contains the initial outfit-
ting list for each model of aircraft in current
use.

Section G, General Support Equipment. This
section lists all consumable general support
equipment for all classes, types, and models of
aircraft.

Section H, Flight Operational Material for
Aircraft Squadrons. This section lists aviator’s
flight clothing as well as the protective clothiag
available for use when handling liquid oxygen.

Section K, Allowance List for Naval Aero-
nautic Publications and Forms.

Allowance Lists are reissued periodically.
When new issues or reigsues are published, they
are listed in the next issue of the Numerical
Index. All lists not appearing in the current
issue of the Numerical Index or latest supple-
ment have been canceled.

All allowance List and Outfitting List code
. numbers are NA 00-35Q plus the section identi-
fication letter and a dash number to identify a
particular section in a series. For example, the
Section B Allowance List for the S-2D aircraft
is NA 00-35QB-177. This publication contains
the initial outfitting list for the S-2D aircraft.

Training Literature (00-80 Series)

This sgeries of publications is issued by
authority of the Deputy Chief of Naval Opera-
tions (Air). Included are varlous Alr Safety
Pamphlets and General Aviation Training Publi-
cations. All such publications listed in the cur-
rent issue of the Numerical Index are available
at the various NavAir Publications Supply Points.
All requests for 50 or more coplesofa publica-
tion must be submitted to the Chief of Naval
Operations, Flight Training Branch, Washington,
D.C., with a statement of justification.

AIRCRAFT MANUALS (01 SERIES)

The following types of manuals areprepared
and issued for each model of aircraft used by
the Navy:

NATOPS Flight Manual.

Maintenance Instructions Manual.

Structural Repair Manual.

Periodic Maintenance Requirements Manual
or Periodic Maintenance Information Cards.
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Nlustrated Parts Breakdown.
Technical Manual of Weight and Balance
Data (certain aircraft only).

NATOPS Flight Manual

The NATOPS (Naval Air Training and Opera-
ting Procedures) Flight Manual contains com-
plete operating instructions for the aircraft and
its operational equipment. Emergency operating
instructions as well as normal operating in-
structions are provided. Although NATOPS
Flight Manuals are issued primarily for the
use of pilots and aircrewmen, all maintenance
personnel should become familiar with the con-
tents of the Flight Manual for their respective
aircraft.

NATOPS Flight Manuals are kept up to date
by two types of revisions—regular revisions and
interim revisions. Regular revisions cover rou-
tine changes and instructions and are generally
{ssued every 90 days. Interim revisions cover
vital operating instructions and are used when
immediate action is necessary. Interim revi-
sions may be issuedin letter form to the individ-
ual activities andbynaval message to commands,
and are later incorpcrated asregular revisions.

Maintenance Instructions Manuals

The Maintenance Instructions Manuals
(MIM’s) contain all the essential information
required by aircraft maintenance personnel for
service and maintenance of the complete air-
craft. MIM’s include the data necesgsary for
troubleshooting and maintaining the powerplant,
accessories, and all other systems and compo-
nents of the aircraft.

Maintenance Instructions Manual are divided
into three types. Type I manuals contain all es-
sential information required for performing
Organizational level maintenance, such as de-
scription and operation of systems and compo-
nents, maintenance considerations, and appro-
priate diagrams and schematics.

Type TI manuals contain Intermediate level
maintenance instructions required for the main-
tenance of components, systems, groupsof sys-
tems, or equipment when Separate coverage is
not provided in other manuals. Included are pro-
cedures for checkout, troubleshooting, repair,
replacement, adjustment, calibration, and pre-
installation, and/or shipping information (meth-
od of packaging). Coverage on components or
equipment may Include a description of
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component operation if it is not covered iu
the Type I manual.

Type I manuals contain Depot level over-
haul and repair instructions for components,
accessories, and any other equipment necessary
for unit operation.

In many cases, a consolidation of any com-
bination of Types I II, or IIl manuals is pro-
vided in one manual. This is the type discussed
in the following paragraphs and most common
to the AME.

The Maintenance Instructions Manual for all
current production aircraft is made up in vol-
umes, each volume being individually bound and
issued separately. This permits each shop inan
activity to have its own applicable volume, or
volumes, at hand for ready reference. Volunmes
of most interest to the AME are as follows:

General Information and Servicing.

Utility Systems.

Survival and Environmental Systems.

Corrosion Control, Cleaning, Painting, and
Decontamination.

NOT#%: The different aircraft manufacturers
may group the material in the various volumes
nf the Maintenance Instructions Manuals under
dfi--ent titles. For example, the Survival and
Fn»..ronmental Systems volume for the RA-5C
cuvers the ejection seat, canopy, liquid oxygen,
heating, air-conditioning, ventilation, and anti-
g systems. Two volumes, titled Personnel Fn-
vironmental Systems and Canopy and Survival
Systems, are prepared to cover the same sub-
jects for the A-4 aircraft.

The General Information and Servicing vol-
ume is designed primarily for the plane captain;
however, this volume also contains a great deal
of information important to all AME personnel.
This volume contains a general description of
the aircraft, all necessary information which s
not contained in other specialized manuals, and
all information pertaining to servicing the air
craft.

Each of the specialized system volumes of
the Maintenance Instructions Manual is further
divided into four sections, as described in the
following paragraphs.

Section ! ig the same in all volumes of a
particular alrcraft Maintenance Instructions
Manual. This section provides an introduction
to the manual and usually supplies a list of the
Changes applicable to the particular volume
concerned.

Section II describes the system and compo-
nents as well as their operation.

Section III provides such maintenance cover-
age as removal and installation procedures and
troubleshooting charts for Organizationa' level
of maintenance.

Section TV provides component repair pro-
cedures for the Intermediate level of mainte-
nance.

Figure 2-2 is an example of a page from
section ITI of a Maintenance Instructions Manual.
This page shows the basic layout of the mainte-
nance-coverage sections of the specialized type
manuals. Each component maintenance¢ proce-
dure is identified by a boldface heading (item A,
fig. 2-2) for ease in locating the materialon the
page. All removal and installation procedures
provide a recommended manpower require-
ment (item B) for the shop chief’s use in as-
signing personnel tc perform the job. All tools
and equipment other than standard tools are
noted (item C) ahead of the maintenance proce-
dure, so that these items may be drawn from
the toolroom prior to starting the operation.

When consumable materials such as lubri-
cants, lockwire, and cotter pins are required
during an installation procedure, a listing of
these (item D) is made ahead of the procedural
steps. Miscellaneous small parts (other than
standard AN and MS hardware), which are
necessary for removal and an installation, also
appear in the materials list.

As an aid to Quality Assurance Representa-
tives, those steps in a procedure which require
an inspection are set in italics (items marked
E). (NOTE: In some MIM’s the steps in a pro-
cedure which require a Quality Assurance in-
spection are underlined.) These italicized steps
are a very important feature and are sum-
nmarized (item F) at the end of each procedure,
' Classified maintenance information is not
"included in the regular volumes of the Mainte-
nance Instructions Manual. Essential classified
Information is contained in separate volumesor
supplements of the Maintenance Instructions
Manual, which are classified ‘‘confidential,’”’
Classifled volumes of the Maintenance Instruc~
tions Manual are bound in red in order that they
may be readily identified. These volumes must
be handled in accordance with the Department
of the Navy Securlty Manual for Classified In-
formation (OpNav Instruction 5510.1 Series).

Structural Repair Manual

The Structural Repalr Manual is used as a
gulde In making structural repairs to the
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Section I

Peragraphe 3328 to 3-331

Remoaval Procedute
2. Remove elevators (refee (o paragraph 3.331}.
b. Remove three screws from each bracket sssembly

NAVAIR 01-75PAA-2-2.3

g Astach biackers - o srucpire ‘wing INASG3-3-7
screws aid - ANOGODQ washers In the Two upper and

two lower holes. tse MAS623.3-6 screws and ANSGODID
_ wgshers b the two middie hales.

and remove damper.

¢. Remave bolts, nuts 2nd washers which recain con-
necting rod sssernblies ro damper arms.

h. Inspect attachment of brackets to structure. Oamper
must rotate freely and there must be a minimure of 0.12
inch clearance to struciure.

d. Remave nut, washer and spacers from top xod

i, Reinseall elevators, (Refer to paeagraph 5-352.)

bottom brackers snd remove brackets, leaving datnp
sssembly.
Hote
The viscous dsmper assembly must be stored
with the top sde up, If store4 with the top side
upside down for more chsa four hours, it is .
z:(mblozhum ~uy be eat By che fluid. L
et the disc - the housing, thus reducing
damping rste. This condition o be corrected
by stosing dhe dmmpat in ks darmel position

Quality Assurance Summary
a. Inspect installation of upper and lower Srackeis to
damper assembly 1o check nut and cotter pin installation.

b. Inspect installation of upper and lower rod assem-
blies for tightness of attachments and lock-wiring of

lower bolt head.

c. Inspect attachment of brackets to structure. Damper
must rolate freely and tbere must be a minimum of 0.12
inch clearance 1o struciure.

it room temperature, spproxiuacely zuﬂc,
(70°F) for one week, P

3328, REPAIR AND PARTS BREPLACEMENT, "
Spares 10d Repait Parts Dats '

Forward o next highet maintonance Javel.

3-329. INSTALLATION,

Materials List

‘ 71 w.lIs and Equipment List
7 Truck, Fork Lift TC-200
Hoist HSKS-1531B

Elevator Sling Assembly 551241-1

Manpowet Requirements

"} Two men are required.

Cotter Pin (2) MS52466%-300

Spacer (top) 923043-1

Spacer (bottom) 023033-3
Manpower Requicement

One man is requited,

Quathy Assusance Requisement S
An inspection is saquired whien steps sppeer in’ lldkr. ,

Inteatiacion Procedure -

a. Install upper bracker usiag otie 9230331 lpw
AN320-3 nur aad ME24653+300 cottee piti

b. Instebl Jower bracker using one 925033-3 ’M
AN320.5 nut and MS2466.300 cotrer plti.

¢. Inspect installation of upper and lower lnnnng
brackets 1o check nut and cotter pin installation,

d. Imsuall upper vod sseembly using e NASLIO4:£7
bolr snd NASETOAAW nut with sn 16 washur
under the boit heed and under the nut, Bolt head i 4

e. Insealt tower rod ssembly udng ati’ ANY
bott nsd NASGTOACY aus with st ANOSODIE withe
under the bolt hesd snd under the aut. Bols M"
dowti. Lock-wire bolt head to lower lever. o

. luspect installation of upper and lower rod assem.
blies for tightness of attachments and lock-wiring of
loscer bolt head.

3.294

Figure 2-2.—~Typical page of a Maintenance Instructions Manual,
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airframe. It contains general information such
as airframe sealing, control surface rebal-
ancing, general shop practices, damage evalua-
tion and support of structure. and a description
of the structure through the medium of indexed

"illustrations and repair drawings.

The Structural Repair Manual for most new
aircraft is published in two volumes. This is
not due to its size but is to suit its usage by
different facilities. Volume I is for use at all
levels of maintenance. Volume Il supplements
Volume I and contains information for use at
Intermediate and Depot level facilities.

The Structural Repair Manual is identified
by a ‘“-3’" in the manual publications code {fig.
2-1). The two volumes are further identified by
an additional dash number. An exampie of the
code for a Structural Repair Manual in current
use is NA 01-75PAA-3-1, This is the code for
Volume I of the Structural Repair Manual for
the P-3A aircraft.

Fach volume of the Structural Repair Man-
ual :: divided into sections. Section I contains
informatio's of a general nature. Each of the
her sections contains information of a more
~pecific nature. These sections cover portions
f the aircraft such as wings, tail, fuselage,
u.; ;hting gear, and engines. There is also a
section covering typical repairs.

Before attempting to use the Structural Re-
pair Manual, the mechanic should read the in-
troduction to Volume I. Included in the intro-
duction is information concerning the use of the
manual. NOTE: Since the format of taie various
Structural Repair Manuals may differ, the in-
structions in the introduction may differ slightly.

The Structural Repair Manual is supple-
mented by the NAOL1-1A Seriesgeneral manuals.

Periodic Maintenance
Requirements Manual

This manual contains the complete require-
ments for inspection of the aircraft, its compo-
nents, and accessories. The inspection re-
quirements are stated in such a manner as to
establish what equipment is to he inspected,
when it is to be inspected, and what conditions
arc to he sought. It does not contain instructions
for repair, adjustment, or other means of
correcting defective conditions, nor does it
contain instructions for troubleshooting to find
causes for malfunctioning.

Periodic Maintenance
Requirements Data

The Periodic Maintenance Requirements
Manuals are being replaced by periodic mainte-
nance requirenments data contained in three
types of publications--Periodic Maintenance
nf~rmation Cards (PMIC), Maintenance Re-
q.*r ients Cards (MRC), and Sequence Con-
tru, aarts (SCC).

The PMIC’s have a listing of items having
an approved mandatory replacement interval
and those items requiring scheduled removal
component cards as defined in OpNav Instruc-
tion 4790.2.

They also contain a maintenance reference
table that lists those publications which have
been incorporated in the maintenance require-
ments since the last revision.

The Maintenance Requirements Cards and
the Sequence Control Chart are discussed in
Military Requirements for Petty Officer 3 &2,
NavPers 10056-C, Chapter 14.

Illustrated Parts Breakdown

The purpose of the Illustrated Parts Break-
down (IPB) is to assist supply, maintenance,
and overhaul personnel in the identification,
requisitioning, storing, and issuing of parts for
the applicable aircraft.

The IPB for older aircraft, like the Mainte-
nance Instructions Manual, may be found in one
volume. The IPB prepared for current produc-
tion aircraft contains several volumes, which
usually correspond to the volumes in the Mainte-
nance Instructions Manual.

The IPB, like the Maintenance Instructions
Manual, has a code number. A ‘“-4’’ in part III
of the publications code (fig. 2-1) identifies the
IPB. The individual volumes of the IPB are
identified by an additional dash and number. An
example of the code number for an IPB in cur-
rent use is NA 01-60ABC-4-5. This is the code
number for the Survival and Environmental
Systems volume of the RA-5C 1PB.

Each volume of the IPB is divided into at
least two scctions and sometimes three--Sec-
tion I, Introduction, Section II, Group Assembly
Parts List, and Section ITl, when used, Numer-
ical Index. The Introduction (Section I) contains
detailed instructions for the use of the IPB.
Scction I includes illustrations of all parts of
the applicable aircraft and its systems, equip-
ment, and )0 -ial support equipment subject to
separate raainto nance.
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The latest type IPB has a separate volume
for the Numerical Index. The Numerical Index
contains an alphanumeric listing of all the parts
in the IPB or volume. In addition to the part
numbers, the Numerical Index contains such
information as federal stock number data,
figure and index numbers, source code data,
and recoverability information.

The number of IPB manuals for some air-
craft nr- - umerous and for this reason some
of the . raft manufacturer’s have published
a Master I,ocator Index in conjunction withtheir
IPB. This Master Locator Index is used to lo-
cate the IPB manual in which the part number

shown when only the part number is known.
mMost Master Locator Index pages are divided
into 4 columns, each containing a part number
and a manual number column. The number shown
in the ‘““Manual Number’’ column isthelastdash
number of the NavAir IPB manual in which the
part will be found. Example: Part No. 128B10855,
for an A-B6A Aircraft, listed in the Master Lo-
cator Index, shows a ‘‘3’’ in the ‘“Manual Num-
ber’’ column. This means that complete infor-
mation on the part will be found in A-6A IPB,
NavAir 01-85ADA-4-3. Once directed to a spe-
cific volume of the IPB the part can be further
traced through the use of that volume’s numer-
ical index.

Prior to using any volume of the IPB, all of
the information in Section I should be read. The
information contained in this section will aid
the AME in locating the necessary part or parts
quickly and easily,

Technical Manual of
Weight and Falance Data

This manual provides a standard system for
field weight and balance control of certain air-
craft. The forms, charts, and records in this
manual are prepared by the manufacturer prior
to delivery of the aircraft to the Navy and pro-
vide the means of maintaining a continuous and
current record of the basic weight and balance
and loading information durirg the aircraft’s
service life.

Procedures and instructions for maintaining
the weight and balance records are contained
in the manual. These records must be main-
tained by operating and overhaul activities and
must be brought up to date prior to transfer of
the aircraft. The manual must be retained in
the aircraft at all times.

2
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General Aircraft Manuals (0) Series)

To avoid confusion between the Gevreral
Manuals (00 series) and general Aircrait Man-
uals (01 series), an explanation is in order at
this point. This chapter is concerned with
AERONAUTIC publications. There are many
general aeronautic publications that do not
directly concern aircraft; these are in the 00
series. There are other manuals that are ap-
plicable to aircraft in general without being
identified with a specific model; these are
general AIRCRAFT manuals. Scme general air-
craft manuals with which the AMZ works are
as follows:

NA 01-1A-8, Aircraft Structural Hardware
for Aircraft Repair.

NA 01-1A-509, Aircraft Cleaning and Cor-
rosion Control for Organizational and Inter- .
mediate Maintenance Levels.

NA 01-1A-519, General Care, Use and Main-
tenance of Pressure, Vacuum, and Compound
Gages.

ACCESSORIES MANUALS (03 SERIES)

The 03 series manuals cover all types of
accessories. An accessory is defined as any
item of equipment which is required for opera-
tion of the aircraft and which cannot be con-
sidered an integral part of the airframe or
engine. Examples of accessories for which the
AME is responsible are oxygun equipment, cabin
pressurization and air-conditioning equipment,
anti-icing equipment, and fire extinguishing
equipment.

The manufa:turer of each item of equipment
{(regulators, valves, cylinders, etc.) is required
to provide adequate instructions for operating
the item and maintaining it throughout its serv=-
ice life. Accessories Manuals therefore contain
descriptive data; detail instructions for instaila-
tion, operation, inspection, maintenance, and
overhaul; and an illustrated parts list. All
Accessories Manuals available for issue are
listed in numerical order {by publication num-
ber) in the Accessories Section of Part C, Sec~
tion VIII of NavSup Publication 2002, They are
also listed in 00-500A, but in alphanumeric
ordeor according to part number. In 00-5008B,
Ac. . ssories Manuals are listed under the air-
craft in which the accessory Is installed.

Accessories Manuals are used to supple-
ment information found in the aircraft Mainte-
nance Instructions Manual. For example, when
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the Maintenance Instructions, Manual does not
give instructions for repairing a particular item,
reference should be made to the applicable Ac-
cessories Manual.

If any accessory is relatively simple, all the
necessary instructions may be contained in a
single manual. An example is NA 03-50B-6,
Operation, Service and Overhaul Instructions
with INlustrated Parts Breakdown for a Demand
Oxygen Mask manufactured by the Ohio Chemical
Co.

More complex accessories may require two
or more manuals, For example, one manual
may cover operation, Service, and overhaul
instructions, while the parts breakdown is con-
tained in a separate manual.

To determine what manuals areavailable for
a particular accessory, proceed as follows:

If the name of the manufacturer and the model
number of the item are known, turn to the
accessories section of NavAir 00-500A and
locate the item in the alphabetical or numerical
listing. All manuals applicable tothat particular
ftem of equipment will be listed by code number
in appropriate columns opposite the name and
model number of the item.

SUPPORT EQUIPMENT MANUALS
(17, 18 and 19 SERIEL!

The manufacturer of each item of support
equipment is required to furnish adequate in-
structions for operating the equipme’ ! and
maintaining it throughout its service life. Like
alrcraft Maintenance Instructions Manuals a. 4
Accessories Manuals, these publications pre-
pared by the manufacturer are issued under the
authority of the Naval Air Systems Command
and are then official Navy publications.

The 17 and 18 serles of aeronautic manuals
provide information and instructions for most
tools, machinery, and test equipment used in
support of aircraft and components. Each item
is covered by a manual which contains the
purpose, procedures for preparing the item for
use, operation, inspection, maintenance, lub-
rication, troubleshooting, and other pertinent
data.

The 19 series manuals contain information
on ground servicing and automotive equipment
related to performing aircraft maintenance.

Support Equipment Manuals are stocked.
cataloged, listed, and located inthe same mannr
as Accessories Manuals.
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NOTE: Ground support equipment data for-
merly provided as Descriptive Data Sheets
(20 Series publications) are now identified as
Ground Support Equipment Dlustrations (GSEI).
This information is coordinated with other
branches of the service and is published and
identified as MIL-HDBK-300.

SAFETY PRECAUTIONS MANUAL
(NavMat P-5100 SERIES)

The safety precautions contained in this
manual are applicable to all Navy personnel,
military and civilian, and to all naval commands
and activities. They are of necessity basic and
general in nature and are not inclusive of all
conceivable operations and functions involvedin
the great variety of Navy activities. In many
instances references are made to other publi-
cations for detailed safoty precautions applicable
to specific conditions. A lack of documented
hazards and pe:rtinent precautions is not to be
construed as an Indication of their nonexistence
or unimportance; therefore, the continuous co-
operation and vigilance of all personnel isneeded
to see that all operating procedures and work
methods do not unnecessarily expose personnel
to Injury or property to loss or damage.

Safety precautions shall be posted in a con-
spicuous place on or near any equipment, com-
ponent, or material which presents a hazard to
the security of the activity or to the safety of
perscnnel. For example, those precautions
necessary for the safe handling, stowage, and
security of dangerous materials such as explo~
sives or flammables shall be posted at or near
the storage Spaces designated for those
materials.

Each Individual is responsible for knowing,
understanding, and observing all safety pre-
cautions applicable to his work and work area.

All chapters of the Safety Precautions Manual
are extremely lmaportant, and the AME should
be especially concerned with the chapter titled
Avlation. This chapter covers general pre-
cautions applicable to the maintenance, repair,
and overhaul of aircraft.

TECHNICAL INFORMATION FILE
OF GROUND SUPPORT EQUIPMENT
(MIL-HDBK-300B)

This publication is intended to provide, in
concise and convenient form, factual pictorial
and descriptive data to famillarize designers,
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engineering, maintenance andtrainingpersonnel
and Government contractors with the char-
acteristics, performance capability and physical
makeup of the ground support equipment pres-
ently in the inventory of the military services
and under development for use with aircraft and
missile systems. In the case of Government
contractors, the data sheets are intended to
provide sufficient information for determining
that an item of equipment is suitable or unsuit-
able for a comtemplated application. This will
insure the following:

1. Maximum usage of in-service assets,

2. Elimination of duplicate design or de-
velopment of ground support equipment for
different weapon systems.

This hardbook contains information on.ground
support equipment for aircraft and missile
weapon systems. Ground support equipment is
construed to include ground operation, handling,
and servicing equipment. Ground support equip-
ment is further defined as all equipment required
on the ground to make a weapon system opera-
tional in its intended environment,

Data sheets for the Technical Information
File (TIF) will normally be selected or sub-
mitted only for ground support equipment items
that have a unit cost of $1,000 and over or a
potential or actual procurement total dollar
value in excess of $100,000, regardless of unit
cost,

Data shee.. will not normally be acquiredor
Submitted for common tools or power tools
normally found in a standard machine shop;
component parts or subassemblies of end items;
kits, sets of tools, fixtures for manufacturing
in depot use; sling, adapters, small containers,
cabinets; or obsolete items of supply.

This handbook supersedes individual des-
criptive data sheets which were previously
issued separtaely for each item of support
quipment not covered by anindividual technical
nmanual.

ORDNANCE PUBLICATIONS

NavAir 11-100-1

Cartridges and Cartridge-Actuated Devices
for Aircraft and Associated Equipment, NavAir
11-100-1, is an ordnance publication of vital
interest to the AML, This pu. ..cation is a
looseleaf type manual and is commonly referred
to as NavAir 11-100.-1,
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NavAir 11-100-1 has been designated by
NavAirSysCom as the basis for the formula-
tion of all maintenance instructions covering
identification, handling, logbook entries, and
service life for cartridges and cartridge-ac-
tuated devices utilized in naval aircraft. This
nmeans that the information in this manual takes
precedence over that inall other related manuals
and instructions,

A master copy of NavAir 11-100-1 is main-
tained in the technical library of all air-
craft maintenance activities for utilization in
the preparation of Maintenance Instructions
concerning cartridges. Additional copies are
generally found in the AME shops.

This manual gives information such as
description and location, operation, identifi-
cation andhandling, and service life of cartridges
and cartridge-actuated devices used in naval
aircraft, Logbook entry information and safety
precuations are included on each item. It gives
illustrations of the cartridges and, where ap-
propriate, identifies the systems using the
cartridge. Schematics of some systemsarealso
provided.

~NavAir 11-85-1
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Rocket Catapults and Rocket Motors for
Aircrew Escape Systems, NavAir 11-85-1, is
also an ordnance publication of vital interest to
AME personnel.

This publication describes aircraft ejection
seat rocket catapults and rocket motors used
in various Navy aircraft, and sets forth handling
procedures to be observed by fleet personnel
ashore and aboard surface vessels. General and
specific data are given for each catapult and
rocket motor, including descriptions, nomencla-
ture, handling instructions, and temperatureand
service life limitations. In the event of dis-
crepancies between this publication and other
publications containing information onthe rocket
catapults and rocket motors, this publication
takes precedence.

LETTER TYPE PUBLICATIONS
TECHNICAL DIRECTIVES

The Technical Directive (TD) System has
been established for control and issue of all
technical directives. This system standardizes
the method of issuance for such directives and
is the authorized means for directing the
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accomplishment and recording of modifications
and one-time inspections to equipment procured
by and for the NavAirSysCom. The TD system
is an important element in the programs
designed to maintain equipment in a configura-
tion which provides the optimum conditions of
safety, operational, and material readiness.
The system encompasses two types of technical
directives differentiated by their method of
dissemination. These two types are Formal
(letter type) and Interim (message type). In
general terms, they are both considered as
letter type technical directives. Such directives
contain instructions orinformation of atechnical
nature which cannot be satisfactorily dissemi-
nated by revisions or changes to technical
manuals. This information is disseminated in
the form of Changes, or in the case of spe-
cial circumstances, by Interim Changes or
Bulletins.

A formal TD is a document issued as a
Change, or as an Amendment or Revision there-
to, and promulgated by letter. Formal technical
directives are usedtodirect the accomplishment
and recording of modifications to weapons,
systems, support equipment, trainers, and re-
lated equipment and are comprised of Changes
and Amendments and/or Revisions thereto.

An interim TD is a document issued as a
Bulletin or a Change, or as an Amendment or
Revision thereto, and promulgated by message

to insure expeditious dissemination. The interim,

TD is reserved for those instances requiring
expeditious correctionof anoperationalor safety
condition which embodies risks calculated to be
intolerable within the lead time of a formal
directive or maintenance publication change.
Interim Changes are superseded by a Formal
Change directive which will have the same num-
ber as the interim directive. Interim Bulletin
directives are not superseded by formal Bulle-
tins as was previously the case. The NavSup
Publication 2002, Section VIII, Part D, will still
have many formal Bulletins listed until they
are eventually phased out.

A Change is a document containing instruc-
tions and information which directs the ac-
complishment and recording of a material
change, a repositioning, a modification, or an
alteration in the characteristics of the equip-
ment to which it applies. A Change is issued
to direct that parts be added, removed, or
changed from the existing configuration or that
parts or material be altered, relocated, or
repositioned.
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A Change may be issued in parts to ac-
commnlish distinct parts of a total directed action
or t accomplish action on different configura-
ticns of affected equipment. A Change may also
be issued for record purposes. A Record
Pu-pose Change is a TD issued to provide
docuamentation of a modification which has been
completely incorporated by the contractor or
in-house activity in all accepted equipment and
which does not require retrofit or the modifica-
tion of repairables in the Navy’s possession.

An Amendment is a document comprised of
information which clarifies, corrects, adds to,
deletes from, makes minor changes in require-
ments to, or cancels an existing technical
directive. It is only a supplement to the existing
directive and not a complete directive in itself.
A maximum of three Amendments may be applied
to any TD, each remaining in effect until
rescinded or superseded by a Revision. A
requirement for further amendment action
necessitates the issuance of a Revision.

A Revision is a completely new edition of an
existing technical directive. It supersedes the
original directive or revision and all existing
Amendments.

A Bulletin is an interim document comprised
of instructions and information which directsan
initial inspection to determine whether a given
condition exists. It specifies what action is to

. be taken if a given condition is found or not

found.

Interim Bulletin directives are self-rescind-
ing with rescission dates of 30 June or 31
December, whichever is appropriate for the
case at hand. Rescission is theprocessby which
the TD’s are removed from active files after
all requirements have been incorporated. Final
rescission action is direced in the TD Index,
NavSup Publication 2002, Section VIII, Part D.
All activities maintaining active technical
libraries must maintain the TD’s on file until
they are deleted from the TD Index.

Cancellation of a technical directive is the
process whereby the TD is removed from the
active files when s determined that a pre-
viously issued TD is not to be incorporated.
Cancellation is directed by the issuvance of ar
Amendment to the TD. The cancellation expli-
citly states the required configuration of eact
article initially specified for modification; for
example, whether installed modifications are
to remain installed or are to be removed, etc
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The title subject of a Change or Bulletin will
be one of the following, as appropriate:

Airframe.

Powerplant,

Avionics.

Accessory.

Aviation Armament.
Aircrew System.
Propeller.

Photographic.

Support Equipment.
Airborne Weapon.
Clothing and Survival Equipment.
Target Control System.
Meteorological Equipment.

If the technical directive involves safety of
flight, the word ‘“SAFETY”’ will appear immc-
diately following the title and number.

Technical directives are numbered by two
different methods. Some are numbered consec-
utively from the beginning of the calendar year
with the last two digits indicating the year of
issue. Thus, a Change or Bulletin designated
47-54 would be the 47th change or bulletin of that
type issued in 1954. This type of numbering sys-
tem is no longer being used for identifying new
directives. However, those which have been num-~
bered in this manner and are still in effect are
' cataloged under this system.

The present numbering system is a consec-
utive numerical application regardless of the
year of issue. For example, F-4 Airframe
Change 204 would be the 204th Airframe Change
that is applicable to the F-4 aircraft. Thisnum-
" bering system has been in effect for some time
and most technical directives are cataloged
under this system,

The numbers assigned to Changes and Bul-
letins are provided by the Technical Directives
Control Center, which is located at the Naval
Air Technical Services Facility (NATSF), Phila-
delphia. Changes or Bulletins that have been
amended will have their basic number followed
by the words ‘‘Amendment 1,”’ ‘““‘Amendment 2,”’
etc. A revised directive will have the basic di-
rective number followed with the words ‘‘Rev.
A,”” “Rev, B,”’ etc., as appropriate to denote the
first, second, etc., revision to that basic direc-
tive.

The Changes and Bulletins are automatically
distributed to all concerned activities through
inclusiun on the Mailing List Request for Aero-
nautic Publications, NavAir Form 5605/3. All
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TD’s are issued by NavAir or NavAirTechSer-
Fac except in cases where the time delayin ob-
taining approval is unacceptable. In such cases,
the controlling custodians are authorized to issue
interim TD’s to preclude unacceptable risks to
personnel or equipment. The Changes or Bulle-
tins are generally based on Contractor Service
Bulletins, other letters of recommendation, or
proposed modifications from field service ac-
tivities.

Directive Categories

Technical directives are assigned a ‘‘cate-
gory’’ in accordance with the importance and
urgency of accomplishing the work involved. A
category of Immediate, Urgent, Routine, or
Record Purposes is assigned each technical di-
rective.

The category ‘Immediate Action’’ is as-
signed to directives which are issued to correct
safety conditions, the uncorrected existence of
which would probably result in fatal or serious
injury to personnel, extensive damage, or de-
struction of property. Immediate Action direc-
tives involve the discontinued use of the aircraft,
engines, or equipment in thie operational employ-
ment under which the adverse safety condition
exists, untilthedirective hasbeen complied with.
If the use of the aircraft, engines, or equipment
will not involve the use of the affected compo-
nent or system in either normal or emergency
situations, compliance may be deferred, but
should be accomplished no later than the next
periodic inspection for the aircraft and no later
than 120 days from the date of issue for the
equipment. The Immediate Action directive is
identified by a border of red X’s broken at the
top center of the page by the words ‘“‘IMME-
DIATE ACTION,”’ also printed in red.

The category ‘‘Urgent Action’’ is assigned
to directives which are used to correct safety
conditions which, if uncorrected, could result
in personnel injury or property damage. Such
conditions compromise safety and embody risks
calculated to be tolerable within narrow time
limits and may or may not necessitate the im-
position of operating restrictions. Urgent Action
directives are identified bythe words ‘‘URGENT
ACTION’”’ printed in red ink at the top of the
first page and a border of red diagonals around
the cover page.

The compliance requiremeit specifies that
the incorporation of the instructions must be
accomplished no later than the next regularly
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scheduled rework or overhaul or for equipment
not reworked or overhauled on a regularly
scheduled basis, not later than 18 months after
the date of issuance.

Routine Action directives are issued where
there are reliability, capability, or maintain-
ability deficiencies which could, if uncorrected,
become a hazard through prolonged usage ov
have an adverse effect on the operational lifcor
general service utilization of equipment. 1h¢«
conditions embody a degree or risk or require-
ment determined to be tolerable within a broad
time limit. The compliance requirement spec-
ifies the incorporation of the instructions not
later than the next regularly scheduledoverhaul
or rework, or for equipment not reworked or
overhauled on a scheduled basis, not later than
18 months after issuance of the directive. If ac-
complishment of the work requires Depot level
maintenance capability, the compliance may be
deferred if it will seriously interfere with oper-
ational commitments or schedules. Routine Ac-
tion directives are identified by the words
“ROUTINE ACTION’’ printed in black capital
letters at the top center of the cover page.

The category ‘‘Record Purposes’’ is usedon
a technical directive when a modification has
been completely incorporated by the contractor
or in-house activity in all accepted equipment
and when retrofit is not required on repairables
in the Navy’s possession. They are identified by
the words ‘‘RECORD PURPOSES’ printed in
black capital letters at the top center of the cover
page. This type of TD merely documents theac-
tion for configuration management purposes;
therefore, compliance information is not appli-
cable and is indicated as such.

INSTRUCTIONS AND NOTICES

Instructions and Notices are directives con-
taining information and instructions concerning
policy, administration, and air operations. They
are issued by all bureaus, systems commands,
ships, stations, and operating activities. Those
issued by the Naval Air Systems Command are
known as NavAir Instructions and Notices.

Instructions are directives of a continuing
nature and are effective until canceled or su-
perseded by a later directive.

Notices are directives of a one-time nature
or directives which are applicable for a brief
period of time. Each Notice contains aprovision
for its own cancellation.
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Instructions are numbered in consecutive
order according to the subject covered in the
Instruction. Notices are numbered according to
the subject covered and serialized by the date
of issue. They may be addressed to A1l Ships,
Stations, and Units concerned with Naval Air-
craft,” or to certain activities only. Each ac-
tivity maintains a file of all pertinent Instruc-
tions and Notices still in effect.

MISCELLANEOUS AVIATION
PUBLICATIONS

Several other unofficial publications of gen-
eral interest to aviation personnel are available
in most operating activitics. These should be
read regularly by all mainterance personnel.

NAVAL AVIATION NEWS

The Naval Aviation News, NavAir 00-75R-3,
is published monthly by the Chiefof Naval Oper-
ations and the Naval Air Systems Command. Its
purpose is to disseminate dataon aircraft train-
ing and operations, space technology, missile,
rocket, and other aviation ordnance develop-
ments, aeronautical safety, aircraft design, pow-
erplants, aircraft recognition, technical mainte-
nance, and overhaul procedures.

As its name implies, this publication is es-
sentially a news magazine. It enables readersto
keep abreast of the latest unclassified develop-
ments in every facet of naval aviation. In addi-
tion, the coverage of fieet operations and the
human interest articles on the noteworthy feats
and accomplishments of individuals, both officer
and enlisted, make the Naval Aviation News an
entertaining as well as an informational period-
ical.

APPROACH

Approach, NavAir 00-75-510, The Naval
Aviation Safety Review, is published monthly by
the U.S. Naval Aviation Safety Center andis dis-
tributed to all naval aeronautic organizations
on the basis of 1 Copy for every 10 persons. It
presents the most accurate information cur-
rently available on the subject of aviation acci-
dent prevention.

A large number of aviation accidents are
maintenance-induced; that is, they occur during
preparation for, performance of, and securing
from maintenance or as a result of sloppy or
improper maintenance. For instance, one fatality

31



AVIATION STRUCTURAL MECHANIC E3 & 2

was reported which occurred when a mainte-
nance man unintentionally ejected himself while
arming an ejection seat. Additionally, a recent
statistic reported in Approach revealed that in
9 accidents during a recent 15-month period 9
aircraft were lost— v million dcllars lost due to
the omission of 9 cents wordh of cotter pins.

The Approach magazine reports the results
of accident investigations; and for those acci-
dents that are maintenance-induced, describes
what was done wrong andhow it shouldhave been
done; suggests corrective measures to prevent
future accidents resulting from these causes;
and when appropriate, cites aeronautic technical
publications which provide authorityfor changes
in techniques or material to improve the main-
tenance product.

In short, the maintenance man who reads and
heeds the messages in Approach is the manwho
benefits from other mechanics’ experiences. Put
Approach on your required reading list andlook
for it every month.

CROSSFEED

Crossfeeds are ““Official Use Only’’ publica-
tions issued by the U.S. Naval Aviation Safety
Center. Each Crossfeed is intheformof a letter
to the squadron aviation safety officer.

Due to the designation ‘‘Official Use Only,”’
the Crossfeeds are not available for general dis-
tribution throughout an activity, The restriction
to ‘““Official Use Only’’ derives from OpNav In-
struction ”P3750.6 (Series) which states in
part’’ .. .distribution of AAR’s (Aircraft Acci-
dent Reports), incidents, and ground accident
reports, MOR’s (Medical Officer’s Reports),
reports of special investigations of aircraft
mishaps, or extracts therefrom, will be limited

strictly to commanders and other authorities
named . . . .”’ Crossfeeds often contain such ma-
terial extracted from AAR’s and from reports
of special investigations.

Crossfeeds are prepared according to subject
matter. For instance, those about which the AME
is most concernedare Personal/Survival Equip-
ment Corssfeeds, Escape Crossfeeds, Mainte-
nance Crossfeeds, and General Crossfeeds.
From time to time these contain information of
critical importance to the AME in the perform-
ance of his duties.

The unit’s aviation safety officer will gen-
erally pass on Crossfeed information to those
with an obvious need to know and will follow up
to see that it is used. However, each applicable
Crossfeed should be checked for pertinent in-
formation by the AME. It must be kept in mind
that the averag2 AME will only see anoccasional
Crossfeed unless he goes out of his way to look
for them. For those who understand the needfor
special handling of the information contained in
Crossfeed and are interested enough in the in-
formation and their jobs to askforit, these pub-
lications can provide a wealth of useful and
timely information.

MECH

MECH is published quarterly by the U.S.
Naval Safety Center and is distributed to naval
aeronautic organizations on the basis of 1 copy
per 10 persons. It presents the most accurate
information available on maintenance-caused
mishap prevention and general aviation ground
safety. Contents are informational and should
not be considered as regulations, orders, or
directives. Reference to commercial products
does not imply Navy endorsement.

32

26



CHAPTER 3

HANDTOOLS, TUBING, AND FLEXIBLE HOSE

TOOLS

The AME3 and AME2 must have a thorough
knowledge of the tools of his trade to enable
him to increase his performance and the quality
of his products. Using this knowledge and apply-
ing it in the right direction will aid in increas-
ing the squadron’s efficiency and operational
availability. One of the most important factors
that a mechanic can have is the ability to use
the tools which are required to complete any
given task in a skilled and techanical manner.

A mechanic is known by the tools he keeps.
The use of tools may vary; but safety, good
care, and proper stowage of tools never vary.
In this chapter, some of the various tools that
the AME uses in the course of his duties are
briefly described. The Rate Training Manuals,
Tools and Their Uses, NavPers 10085 (Series),
and Airman, NavPers 10307 (Series), also
contain a description of most of the tools used
by the AME, together with detailed instruc-
tions for using them. The material given in
this chapter is intended to supplement, rather
than repeat, the information given in Tools
and Their Uses and the Airman manuals.

PROCUREMENT

Some activities have a centrally located
toolroom which procures tools for the activity
as a whole. This allows for better usage and
accountability of the equipment. An activity’s
alloted amount of handtools is in accordance
with an allowance which is established by
NavAir 00-35QG-016, Consumable General Sup-
port Equipment for all Types, Classes, and
Models of Aircraft, and the Individual Material
Readiness List (IMRL).

NavAir 00-35QG-016 includes all of the ac~
countable and consumable general support equip-
ment which is required for the maintenance
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and operation of all types of aircraft at the
Intermediate and Organizational levels of main-
tenance. Most of the tools listed in NavAir
00-35QG-016, appropriate for use by the AME,
are found in the toolbox he is issued.

The Individual Material Readiness List
(IMRL), which applies to an activity by name,
specifies items and quantities of aircraft ground
support equipment required for material readi-
ness of the aircraft maintained by the activity.

Whenever the number of tools in the activity
falls below a certain minimum, the central tool-
room supervisor reorders to replenish his stock.
The quantity status of tools on hand is determined
by regular inventories.

CUSTODY

When it becomes necessary or desirable for
an AME to have a toolbox assigned to himona
custody basis, the shop supervisor will notify
the toolroom personnel to issue an AME toolbox
to the designated person. Normally, the central
toolroom will have a locally prepared toolbox
inventory form. This form will be applicable
to the particular aircraft, equipment, and
maintenance level to be supported. They will
issue the toolbox in accordance with'this inven-
tory form, makingtwo copies—one {master copy)
to be held by the central toolroom, and one to be
placed in the toolbox. The AME should use this
copy to inventory his toolbox after completion
of each assigned task to insure that all of his
tools have been placed back in his toolbox.

NOTE: Reinventory of tools taken to the jobs
is a MUST to eliminate the possibility of damage
to the aircraft due to foreign objects left adrift
within or around the aircraft.

INVENTORY

The AME who has custody of a toolbox must
prevent the loss of tools through neglect or mis~
use. Although handtools are normally classed as
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consumable items, they are very expensive and
must be paid for when lost or carelessly
damaged. One method of preventing loss of tools
Is a thorough inventory after each job assign-
ment. Usually, the activity will have a local in-
struction concerning the inventory interval and
method of reporting lost or damaged tools.

NOTE: Broken or damaged tools candamage
aircraft hardware and parts. They can also
cause personal injury to the worker or others,

At the periodic inventory, which is normally
performed by central toolroom personnel, all
broken or missing tools should be replaced.
Non-productive time between job assignments
provides ample time for further inspection and
upkeep of toolboxes. Someone has said ‘‘show
me a mechanic with a poor toolbox and T will
show you a poor mechanic.”’

In addition to the tools normally issued with
the toolbox, there are many special tools an
AME3 or AME2 will come in contact with and
use, Later in this chapter we will discuss just
a few of these tools, Special tools are normally
kept in the central toolroom and signed out on
an as~needed basis. These tools are returned
to the toolroom as soon as the AME has com-
pleted his work assignment, (Tools should be
returned no later than the same day as checked
out.)

Each activity has an allowance of special

tools which they may have on custody. Often
the allowance for an item is only one, which
means positive control must be exercised. The
special tools allowance list for a particular
aircraft on which the AME might be working
is contained in the activity’s Individual Material
Readiness List (IMRL) publications.

Some of the newer aircraft manuals list
the special tools and equipment in one section
of the Mlustrated Parts Breakdown; for ex-
ample, NavAir 01-75PAA-4-13, P-3A Special
Support Equipment, and NavAir 01-245FDA-4-6,
F-4A Special Support Equipment., When deter-
mining special support equipment allowances
for any activity, refer to the Individual Ma-
terial Readiness List.

HANDTOOLS

Before discussing the tools individually, a
few comments on the care and handling of hand-
tools in general might be appropriate. The con=-
dition in which an AME maintains his assigned
tools determinss¢ hig -+ “tency as well as af-
fecting th- hi5 superiors pass
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upon him in his day-to-day work. A mechanic
is always judged heavily by the manner in which
he handles his tools,

Each mechanic should keep all his assigned
tools in his toolbox when he is not actually us-
ing them. He should have a place for every tool,
and every tool should be kept in its place. All
tools should be cleaned after every use and
before being placed in the toolbox. If they are
not to be used again the same day, they should
be oiled with a light preservative oil to pre-
vent rusting. Tools that are being used at a
workbench or at a machine should be kept in
easy reach of the mechanic, but should be kept
where they will not fall or be knocked to the
deck. Tools should not be placed on finished
parts of machines.

CAUTION: Handtools used in performing
maintenance on oxygen systems should NOT
be oiled. Tools should be completely free of
any hydrocarbon materials such as grease and
oil.

Handtools are classed according to the tasks
they perform. These classifications are: cutting
tools, turning tools, strikingtools, holding tools,
and miscellaneous handtools, These tools are
explained as to their uses in the following para-
graphs,

CUTTING TOOLS

Included in this group of tools are diagonal
cutting pliers, files, hacksaws, twist drills,
countersinks, chisels, and the various types of
snips used by personnel to trim or cut ma-
terial by hand. {See fig. 3-1.)

Adequate coverage on the selection, care,
and use of cutting tools is contained in Tools
and Their Uses, NavPers 10085 (Series), and
Airman, NavPers 10307 (Series), and is there-
fore not repeated here.

TURNING TOOLS

Turning tools are the tools used for turning
nuts, bolts, and screws, Those of primary in-
terest to the AME are the socket wrench sets,
which consists of several types of handles and
bar extensions, universals, adapters, and a
variety of sockets; combination wrenches, open
end on one end and box end on the other; ad-
justable wrenches, commonly referred to as
““knucklebusters’; common blade screwdrivers,
for use on conventional slotted screws; cross-
point blade screwdrivers, for use on recessed



Chapter 3—HANDTOOLS, TUBING, AND FLEXIBLE HOSE

STRAIGHT SNIPS

THROAT:
DIAGONAL CUTTING PLIERS

AVIATION SKIPS

HACKSAWS

SINGLE -CUT

COARSE BASTARD  SECOND-CUT  SMOOTH

ROUND NOSE

UL
DIAMOND POINT
DOUBLE- CUT
TYPES OF POINTS ON METAL
FILE NOMENCLATURE AND GRADES OF FILE TEFTH CUTTING CHISELS
AM.1123
Figure 3-1.=Types of cutting tools.
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head Phillips and Read and Prince type screws;
and clutch tip blade screwdrivers, for use on
screws with a clutch type recess. (See fig. 3-2.)

Adequate coverage on the selection, use,
care, maintenance, and safety for turning tools
is contained in Tools and Their Uses, NavPers
10085 (Series), and Airman, NavPers 10307
(Series), and is therefore not repeated here.

STRIKING TOOLS

Generally speaking, this group is composed
of various types of hammers, all of which are
used to apply a striking force where the force
of the hand alone is insufficient. Each of these
hammers is composed of a head and a handle,
even though these parts differ greatly from
hammer to hammer,

The mallet and the ball-peen hammer (fig.
3-3) are of the most concern to the AME and
adequate coverage on their selection, use, care,
and safety is contained in Tools and Their Uses,
NavPers 10085 (Series), and Airman, NavPers
10307 (Series), and is therefore not repeated
here,

HOLDING TOOLS

Holding tools refer to the various types of
pliers employed to hold, secure, clamp, twist,
bend, or act as wrenches in the performance
of maintenance, Those of primary concernto the
AME are vise grips, channel-lock, duckbill,
needle-nose, and wire-twister pliers. (See fig.
3-4.)

Adequate coverage on their selection, use,
care, and safety is contained in Tools and Their
Uses, NavPers 10085 (Series), and Airman,
NavPers 10307 (Series), and is therefore not
repeated here.

MISCELLANEOUS TOOLS

Miscellaneous tools are tools that do not
fall into the category of holding, turning, cutting,
or striking tools. Some of the miscellaneous
tools that are of concern to the AME are the
flashlight, mechanical fingers, inspection mir-
rors, and steel scales, (See fig, 3-5.)

The Rate Training Manuals, Tools, and Their
Uses, NavPer3 10085 (Series), and Airman,
NavPers 10307 (Series), adequately cover the
use and care of these tools and is therefore
not repeated here.
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SPECIAL TOOLS
TORQUE WRENCHES

There are times when, for engineering
reasons, a definite pressure must be applied
to a nut. In such cases a torque wrench must
be used, The torque wrench is a precision
tool consisting of a torque-indicating handle
and appropriate adapter or attachments, It is
used to measure the amount of turning or twist-
ing force applied to a nut, bolt, or screw.

The three most commonly used torque
wrenches are the Deflecting Beam, Dial Indi-
cating, and Micrometer Setting types (fig, 3-6).
When using the Deflecting Beam and the Dial
Indicating torque wrenches, the torque is read
visually on a dial or scale mounted on the
handle of the wrench,

To use the Micrometer Setting type, unlock
the grip and adjust the handle to the desired
setting on the micrometer type scale, then
relock the grip. Install the required socket or
adapter to the square drive of the handle.
Place the wrench assembly on the nut or bolt
and pull in a clockwise direction with a smooth,
steady motion, (A fast or jerky motion will
resuit in an improperly torqued unit,) When
the torque applied reaches the torque value
which is indicated on the handle setting, the
handle will automatically release or “break’’
and move freely for a short distance. The re-
lease and free travel is easily felt, so there
is no doubt about when the torquing process
is complete,

To assure getting the correct amount of
torque on the fasteners, all torque handles
must be tested at least once a month or more
often if usage indicates it is necessary,

The following precautions should be ob-
served when using torque wrenches:

1. Do not use the torque wrench as a ham-
mer.

2. When using the Micrometer Setting type,
do not move the setting handle below the lowest
torque setting. However, it should be placed at
its lowest getting prior to returning to storage,

3. Do not use the torque wrench to apply
greater amounts of torque than its rated capac-
ity.

4. Do not use the torque wrench to break
loose bolts which have been previously tight-
ened,

5. Never store a torque wrench in a tool-
box or in an area where it may be damaged.
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Figure 3-3.=Striking tools,

SPANNER WRENCHES

Many special nuts are made with notches
cut into their outer edge. For these nuts a hook
spanner (fig. 3-7) is required. This is a wrench
that has a curved arm with a lug on the end.
This lug fits into one of the notches of the nut.
The spanner may be made for just one particular
size notched nut. or it may baveahinged arm to
adjust it to a range of sizes.

Pin spanners have a pin in place of a hook,
and the pin fits into a hole in the outer part of
the nut. Face pin spanners are designed so that
the pins {it into holes in the face of the nut.

AME’s use several different types of spanner
wrenches which are manufactured for a specific
job. Figure 3-8 shows a special spanner being
used on the firing mechanism of an ejection seat.

TENSIOMETER

The tensiometer is an instrument used in
checking cable tension. The amount of tension
applied in a cable linkage system is controlled
by turnbuckles in the system. NOTE: Tension is
the amount of pulling forces appliedtothe cable.

A tensiometer is a useful instrument, but
is not precision-built. It is inaccurate for cable
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tensions under 30 pounds. All tensiometers in
use must be checked for accuracy at least once
2 month.

One type of tensiometer is shown in figure
3-9. This instrument works on the principle of
measuring the amount of force required to de-
flect a cable a certain distance at right angles
to its axis. The cable to be tested is placed
under the two blocks on the instrument, and the
lever assembly on the side of the instrument is
pulled down. Movement of this lever pushes up
on the ceater block, called a riser. The riser
pushes (he cable at right angles to the two
clamping points. The force required to do this
is indicated by a pointer on the dial. Different
risers are used with different size cables. Each
riser carries an identifying number and is easily
inserted in the instrument.

Each tensiometer is supplied with a cali-
bration table to convert the dial readings into
pounds, One of these calibration tables is illus-
trated in figure 3-9, For example, in using a
No. 2 riser with a 1/16-inch diameter cable,
if the pointer on the dial indicates 48, the actual
tension on the cable is 100 pounds. It will be
noted that in the case of this particular instru-
ment, the No. 1 riser is used with 1/16, 3/32-,
and 1/8-inch diameter cables.

CAUTION: The calibration table applies to
the particular instrument only and cannot be
used with any other. For this reason, the cali-
bration table is secured inside the cover of the
box in which the instrument is kept. The chart
is serialized with the same serial number as
the instrument.

During the adjustment of turnbuckles, the
calibration table must be used to obtain the
desired tension in a cable. For example, if it
is desired to cbtain a tension of 110 pounds in
a 3/16-inch diameter cable, the No. 2 riser is
inserted in the instrument and the figure oppo-
site 110 pounds is read from the calibration
table. In this case the figure is 52. The turn-
buckle is then adjusted until the pointer indicates
52 on the dial.

In some cases, the position of the tensiom-
eter on the cable may be such that the face of
the dial cannot be seen by the operator. In such
cases, after the lever has been set and the
pointer movedonthe dial, the brake lever rod
on the top of the instrumeat is moved forward
and locks the pointer in place. Then the lever
assembly s released and the instrument re-
moved from the cable with the pointer locked in
position, After the reading has been taken, the
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Figure 3-4.—Holding tools.
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Figure 3-6.—Torque wrenches.

brake lever rod is moved to the off position and
the pointer will return to zero.

The tensiometer, like any other measuring
instrument, is a delicate plece of equipment and
should be handled carefully. Tensiometers
should never be stored in a toolbox.

Temperature changes must be consldered in
cable type systems siuuce this will affect cable
tensions. When atemperature I8 encountered that
is lower than that at which the aircraft was
rigged, the cables become slack because the
alrcraft structure contracts more than the
cables. When temperatures higher than that at
which the alrcraft was rigged are encountered,
the alrcraft structure expands more than the
cables, and the cable tension is increased.

The cable in any cable linkage system are
rigged In accordance with a temperature chart
which is contalned in the applicable Maintenance
Instructions Manual, This chart will give the
proper tensions for the various temperature
changes above and below the temperature at
which the system was rigged.

AIRCRAFT SPECIAL TOOLS

Each activity supporting alrcraft has an
allowance of special tools to support a specific
model of aircraft, The allowance of special tools
has already been explained in this chapter. The
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AME comes in contact with many of these tools
while maintaining egress systems and pressuri-
zation and alr-conditioning systems, Listed
below are four of the special tools which the
AME may use when maintaining the Martin-
Baker Ejection Unit,

1. Top Latch Mechanism Handwheel. This
tool (fig. 3-10) i8 used in the Installation and
removal of the Martin-Baker ejection seat. It is
used to back the top latch plunger out of the
ejection gun inner tube breech. (The top latch
mechanism 18 described and Wlustrated In
chapter 9.)

2. Spring Scale. Spring scales are used in
many places when maintaining ejection seats,
Figure 3-11 shows a spring scale being used to
check sticker clip tension, (Sticker clips are
discussed in chapter 9.)

3. Drogue Gun Cocking Tool. This tool @‘lg.
3-12) is used to cock the firing mechanism of
the Martin-Baker drogue gun assembly,

4, Time Release Cocking Tool. This tool
(fig. 3-13) is used for cocking both the rack
plunger and the shackle release plunger.

TUBING

Modern day aircraft have hundreds of feet of
fluld lines running throughout the wings and
fuselage. These lines may be either rigidtubing
or flexible hose.
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HOOK

ADJUSTABLE HOOK
SPANNER WRENCH

FACE PIN
SPANNER WRENCH

AM.,31
Figure 3-7.,—General-purpose spanner
wrenches,

Rigid tubing assemblies are made up mainly
of aluminum alloy or stainless steel tubing. How=
ever, copper tubing is used in certain parts of
Some oxygen systems,

Two aluminum alloys are in common use~
alloy 5052 may be used for lines carrying pres-
sures up to 1,500 psi, and alloy 6061 for pres-
sures up to 3,000 psi.

As a general rule, exposed lines are lines
subject to abrasion, intense heat, or extremely
high pressures, are made of stainless steel.

36

42

Flexible hose is generally usedin connection
with moving parts or where a line is subject to
considerable vibration, '

The AME is responsible for maintaining
some of these fluid systems in the aircraft
which frequently involves the fabricationand re-
placement of tubingand flexible hose assemblies.

FLUID LINE IDENTIFICATION

Each fluid line in the aircraft is identified
by bands of paint or strips of tape around the
line near each fitting, These identifying media
are applied at least once in each compartment,
Various other information is also applied to the
lines.

Identification tapes are applied to all lines
less than 4 inches in diameter except coldlines,
hot lires, lines in oily environment, and lines
in engine compartments where there is a pos-
sibility of the tape being drawn into the engine
intake, In these cases, and all others where
tapes should not be used, painted identification
is applied to the lines.

Identification tape codes indicate the function,
contents, hazards, direction of flow, and pres-
sure In the fluid line. These tapes are applied
in accordance with MIL-STD-1247, This stand-
ard was issued in order to standardize fluidline
identification throughout the Department of De-
fense. Figure 3-14 {llustrates the method of
applying these tapes as specified by this stand-
ard.

The functior. of a line is identified by use of
a tape, approximately 1 inch wide, upon which
word(s), color(s), and geometric symbols are
printed. Functional identification markings, as
provided in MIL-STD-1247, are the subject of
international standardizationagreement, Three-
fourths of the total width on the laft side of the
tape has a code color or colors which indicate
one function only per color or colors. The func-
tion of the line is printed in English across the
colored portion of the tape; therefore, even a
non English-speaking person can troubleshoot
or maintain the aircraft if he knows the code
but cannot read English. The right-hand one-
fourth of the functional identification tape con-
tains a geometric symbol which is different for
every function, This is to insure that all tech-
nicians, whether English speaking or not, who
may be colorblind may still be able to positively
identify the line function by means of the
geometric design rather than by the color(s) or
word(s), Figure 3-15 Is a listing, in tabular
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WELD
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AM.32

Figure 2-8.—Special spanner wrench.

form, of functions and their associated identi-
fication media as used on the tapes.

The identification-of-hazards tape shows the
hazard associated with the contents of the line.
Tapes used to show hazards are approximately
one-half inch wide, witn the abbreviations of the
hazard contained in the line printed across the
tape. There are four general classes of hazards
found in connection with fluid lines. These
hazards are outlined in the following paragraphs.

Flammable material (FLAM). The hazard
marking ‘‘FLAM’’ 1s used to identify all mate-
rials known ordinarily as flammables or com-
bustibles.

Toxic and polisonous materials (TOXIC). A
line identified by the word ‘‘TOXIC’ contains
materials which are extremely hazardous to
life or health,

Anesthetics and harmful materials (AAHM).
All materials productive of anesthetic vapors and
all liquid chemicals and compounds hazardous to
life and property, but not normally productive of
dangerous quantities of fumes, or vapors, are
in this category.

Physically dangerous materials (PHDAN). A
line which carries material which is notdanger-
ous with in itself, but which is asphyxiating in
confined areas or which is generally handled In
a dangerous physical state of pressure or tem-
perature is Identified by the marking ‘PHDAN.,"”’

Table 3-1 lists some of the fluids with which
the AME may be required to work and the haz-
ards associated with each.

Table 3-1.— Hazards associated with various

fluids.
Contents Hazard
Afr (under pressure) PHDAN
Alcohol FLAM
Carbon dioxide PHDAN
Freon PHDAN
Gaseous oxygen PHDAN
Liquid nitrogen PHDAN
Liquid oxygen PHDAN
LPG (liquid petroleum gas) FLAM
Nitrogen gas PHDAN
Ollg and greases FLAM
JP-5 FLAM
Trichlorethylene AAHM
317
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BRAKE 1EVER ROD

SECTOR ——RIGHT

IEVER ASSEMBLY

3/16"
DIAMETER CABIE

Model 401-1C-2

No. 1 Riger No., 2 No. 3
DIA 1/16 3/32 1/8 Tension | 5/32 3/16 7/32 1/4
Lbs,
14 15 21 30 14 20
18 22 27 40 18 25
23 27 33 50 22 29
27 32 39 60 26 33
31 37 44 70 29 37
35 41 49 80 32 41
39 45 54 90 35 45
43 49 59 {100} 38 [48]
46 53 63 110 41 52
49 57 67 120 44 55
53 61 71 130 47 58
56 65 75 140 49 61
59 68 79 150 51 64
62 71 82 160 54 67
65 74 86 170 56 70
68 77 90 180 58 72
70 80 93 190 60 74
72 83 96 200 62 76
Typed figures are instru=- gzg gg g;
ment scale reading cor- 260 74 89
responding to tension
Instrument Ne. 5659 280 78 93
300 80 97

Figure 3-9.—Cable tensiometer and chart,

TYUBIN( SIZES

The tubing uged In the manufacture of rigid
tubing assemblies is sized by outside diameter

ERIC

Aruitoxt provided by Eic:
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(OD) and wall thickness, Outside diameter sizes
are in sixteenth~inch increments, the number of
the tube indicating (ts slize In sixteenths of an
inch, Thus, No, 6 tubing is 6/16 or 3/8 inch;
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TOP LATCH
MECHANISM
HOUSING

HANDWHEEL

5M,34

Figure 3-10.—Top latch mechanism handwheel.

No. 8 tubing is 8/16 or 1/2; etc. Wall thickness
is specified in thousandths of an inch.

Replacement tubing assemblies should be
fabricated from the same type material as the
original part. Most aircraft Maintenance In-
structions Manuals contain a table ofacceptable
substitutes which lists the original material and
wall thickness and substitutes with wall thick-
nesgses for each.

The Nlustrated Parts Breakdown (IPB) for
most alrcraft provide necessary information to
determine the correct tubing for the particular
system. In many cases the IPB will refer to an
applicable drawing number. The drawing will
include specific information concerning the type
of tubing, size, length of tubing runs between
bends, etc. If the tubing section 18 complicated
to manufacture and usage of the section (re-
moval and replacement) justifies it, the tubling
section may be stocked in the supply system as
a standard stock item rather than a local manu-
facture item,

TUBE FITTINGS

Fittings for tube connections are made of
aluminum alloy, steel, and corroslon-resistant
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steel (CRES). Fittings are made in many shapes
and forms, each designed to fulfill certain re-
quirements. The following paragraphs cover two
common styles of tube fittings—the flared (AN)
type and the flareless (MS) type. Also covered
. are {8 the metal lip-seal fitting, which isbeing
used on the A-7 and A-4 aircraft,

Flared-Tube Fittings (AN)

The flared-tube fitting (fig. 3-16) consists
of a sleeve and a nut. The sleeve flts directly
over the tube, and one end is countersunk at the
same angle as the tubing flare, The nut fits over
the sleeve, and when tightened, draws the sleeve
and tubing flare tlghtly against the male {fitting
(connector) to form the seal. The male fitting
has a cone-shaped surface with the same angle
as the Inside of the flare. The sleeve Supports
the tube so that vibration does not concentrate
at the edge of the flare, and distributes the
stresses over a wider area for added strength.

Flared-tube fittings are Identified by thelr
color. Aluminum alloy fittings are blue, and steel
fittings are black,
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Figure 3-11,-Use of a spring scale,

Flareless- Tube Fittings (M53)

The flareless-tube fitting shown in figure
3-17 conslists of a slceve and a nut, Notice that
the tubing is not flared, (In order to effect a
seal between the tubing and the sleeve, an op-
eration called presetting is performed which is
discussed later in this chapter). The connector
has a counterbore, a portion of which isbeveled
24 degrees. The seat in the connector forms a
stop for the tube, and the beveled area causes
the sleeve to seal the connection as the nut is
tightened.

There are two types of flareless-tube fit-
tings In current use. The newer most widely
used type consists of a long sleeve (MS21922)
and short nut (MSZ1921), The older type consists
of a short sleeve (MS21918) and a long nut
(MS 21917).

Flareless-tube fittings are made of aluminum
and steel. The aluminum fittings are identified,
visually, by their green and yellow color, which
is caused from the anodizing treatment. Steel

4
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fittings are cadmium plated, which makes their
color a silvery-white.

Metal Lip-Seal Fittings

Metal lip-seal fittings (unions, reducers,
and plugs) are utilized throughout most brazed
tubing type systems, Figure 3-18 illustrates a
metal lip-seal plug and union or reducer, These
fittings are identical in application to the con-
ventional fluid fitting common to most AM’s.
The major difference between conventional type
fluid fittings and the lip-seal type is the manner
in which they form a fluid pressure seal when
installed in the port of a component, The con-
ventional fitting requires the use of an O=-ring
seal, The metal lip-seal fittings utilize an
integral metal contact seal (fig. 3-18), When
the lip-seal fittingec are installed in the port of
a component and p-operly tightened, the metal
contact seal area provides pressure-assist type
sealing without the use of O-rings. The two
types of fittings are completely interchangeable;
however, the lip-seal fittings provide better
system Integrity because of the absence of
O-rings.

Tapered Pipe
Thread Fittings

The threaded portion of pipe fittings used
with oxygen system components are tapered so
that when they are tightened, the male threads
of the fitting are forced into the female (in-
ternal) threads of the component, creating a
seal. Some Maintenance Instructions Manuals
will call for using an approved military speci-
fication antisieze on the pipe threads to make
removal of the fitting easier.

REMOVAL AND REPLACEMENT
OF DAMAGED TUBING

All tubing is pressure tested prior to in-
stallation and is designed to withstand several
times the operating pressure to which it will
be subjected. If a tube bursts or cracks, it is
generally the result of excessive vibration,
improper installation, or from damage caused
by collision with an object. All tubing failures
should be carefully studied and the cause of
the failure determined if possible. Replacements
should be of the same size and material as the
original or an acceptable substitute, The appli-
cable Maintenance Instructions Manual usually
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Figure 3-12,—~Drogue gun cocking tool.

lists acceptable substitutes for the original
material.

LAYOUT OF LINES

A damaged line should be crrefully removed
so that it may be used as a template or pattern
for the replacement item, !f tI: old plece of
tubing cannot be used as a pattern, anacceptable
one can be made by placing one end of a plece
of soft iron wire Into one of t. f.ttings where
the tube is to be connected, Fori.: the necessary
bends in order to place the oppusite end of the
wire {nto the other connection. V'hen the tem-
plate satisfacto.ily spans the \ between the
fittings, it con .e 'sed ag 4 ™ .ern to bend the
new tube,

Select a path w:ci « : itesl total degrees
of bend, as this reduces flow 'uss and 8impli-
fies bending. Use a path with all bends in the
same plane, I possihle,

Never select a path that requires no bends,
A tube cannot be cut or flared accurately
enough 80 that it can be installed satisfactorily
without bends. Bends are also necessary to
permit the tubing to expand or coutract under
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temperature changes and to absorb vibration.
If the tube is small (under 1/4 inch) and can
be hand formed, casual bends may be made to
allow for thig. If the tube must be machine
formed, definite bends must be made to avoid
a straight asgsembly.

Care must be taken to start all bends a
reasonable distance from the end fittings, as
the sleeves and nuts must be slipped back along
the tube during the fabrication of flares and
during inspections, In all cases, the new tube
assembly should be so formed prior to installing
that it is not necessary to PULL or DEFLECT
the assembly Into alignment by means of the
coupling nuts,

TUBE CUTTING

The ldeal objective, when cutting tubing, I8
to produce a square end, free from burrs.
Tubing may be cut with a tube cutter or a fine~
tooth hacksaw,

Correct use of the tube cutter i8 shown in
figure 3.-19, The procedure is as follows: Place
the tube in the cutter with the cutting wheel at
the poilnt where the cut Is to be made, Tighten
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COCKING TOOL

AM, 37
Figure 3-13.—Time release cockingtooi,

the adjusting knob so as to apply light cutter
pressure on the tube, then rotate the cutter
toward its open side, as shown in the illustra-
tion. As the cutter I8 rotated about the tube,
continue to apply light pressure to the cutting
wheal by intermittently tightening the knob, Too
nmuch pressure applied to the cutting wheel at
or; time may deform the tubing or cause ex-
ccorave burrs. After the cut (s completed,
remaove all burrs inside and outside, then clean
hr tube to make sure no forelgn particles
remalin,

If a tube cutter is not avallable, a fine-tooth
(32 teeth per inch) hacksaw may be used in cut-
ting tubing. A convenient methodof holdingtubing
when cutting it with a hacksaw is to plice the
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tube in a flaring clock and clamp the block in a
vise, After cutting tubing with a hacksaw, all
saw marks must be removed by filing. After
filing, remove all burrs and sharp edges from
the inside and outside of the tube as shown in
figure 3-20, Clean out the tube and make sure
no foreign particles remain.

TUBE BENDING

The objective in tube bending is to obtain a
smooth bend without flattening the tube., Tube
bending is usually accomplished with one of the
tube benders discussed in this section; however,
In case of an emergency, aluminum tubing under
1/4 inch in diameter may be bent by hand,

NOTE: Aluminum alloy tubingused inoxygen
systems should not be bent by the hand method.

Hand Tube Bender

The hand tube bender (fig, 3-21) conslsts of
four parts—handle, radius block, clip, and slide
bar handle. The radius block {8 marked in de-
grees of bend ranging from 0 to 180. The slide
bar handle has a mark which islinedup with the
zero mark on the radius block. The tube i8 in-
gerted in the tool; and after lining up the marks
the slide bar handle i1s moved around until the
mark on the slide bar handle reaches the desired
degrees of bend on the radius block.

Mechanical Tube Bender

The tube bender shown in figure 3-22 is
issued as a kit. The kit contains the equipment
necessary for bending tubing from 1/4 inch to
3/4 inch in dlameter,

This tube bender is designed for use with
alrcraft grade, high-strength, stainless-steel
tubing, as well as all other metal tubing. It is
designed to be fastened to a bench or tripod,
and the base is formed so as to provide a
secure grip in a vise.

The simple hand bender shown in figure
3-21 uses two handles as Jevers to provide the
mechanical advantage necessary to bend the
tubing, while this type tube bender employs a
handcrank and gcars. The forming die i8 keyed
to the drive gear and secured by a screw (fig.
3-22),

The forming die on the mechanical tube
bender I8 callbrated in degree¢s sirnilar to the
radius block of the hand type bender. A length
of replacement tubing may be bent to a specified
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Figure 3-14.—~Fluid line identification application,
FUNCTION COLOR SYMBOL
Fucl Red *
Rocket Oxidizer Green, Gray )
Rocket Fuel Red, Gray *)
—Watcr Injection Red, Gray, Red v
Lubrication Yellow ..
Hydraulic Blue, Yellow ‘
Solvent Blue, Brown E
Pneumatic Orange, Blue Y
———I;strumcnt air Orange, Gray s
Coolant Blue [ v
Breathing Oxygen Green [ - ]
Air Conditioning Brown, Gray
Monopropellant Yellow, Orange N r?
Fire Protection Brown R 7Y
De=Icing Gray LA
s v
Rocke! Catalyst Yellow, Green A r
Comnres<ed gas Jrange {L‘l T
Electrical Conduit Brown, Orange M‘s“ o
Inerting Orange, Greoen \‘L:{(—
AM.67T

Figure 3-15.~Functional identification tape data,
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Figure 3-16.— Flared-tube f.tting,
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humber of degrees or it may be bent to duplicate
the bend in the damaged tube or nattern, Dupli-
cating the bend of a damaged tube or pattern
is accomplished by laying the pattern on top of
the tube being bent and slowly bending the new
tube to the required bend, NOTE: Certain types
of tubing 2re more elastic than others; therefore,
it may be necessary to bend the tuhe past the
required bend to allow for springback.

STANDARD
ANDI0050 BOSS

i

MS
CONNECTOR
SEAT / SLEEVE m\n

‘\\\\\\\\\\:

COMPONENTS

AM.69
Figure 3-17.—Flaicless-tube fittings.

TUBE FLARING

A hand flaring tool similar to that shown in
figure 3-23 is usually used for single flaring
tubing. This tool consists of a flaring block or
grip die, a yoke, and a plunger or flaring pin.
The grip cie consists of two steel blocks hinged
at one end and held in alignment by a pilot pin.
A number of countersunk holes, varying in size
to conform with tube diameters and with counter-
sinks matching standard flare angles and radii,

— INTEGRAL
S~ METAL-CONTACT
SEAL
UNION OR
REDLCER

s

UNION OR REDUCER INSTALLED IN
STANDARD AND100S0 BOSS

AM.,933

Figure 3-18.—Metal lip-seal fittings.
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CUTTING
A TUBE

AM.70

Figure 3-19.—Tube cutting.

are provided with half of the hole in each
block,

The yoke fits over the two halves of the grip
die and has a setscrew which is used to lock the
yoke at the desired position. The yoke also
serves as a centering guide for the plunger.
The plunger Is tapered to the same angle as
the countersunk holes in the grip die,

To flare the end of a tube with this tool,
slip the fitting nut and sleeve onto the tube aud

7 v (G
/

SECTION A-A ~—

AM,71
Figure 3-20,—~Properly burred tubing,

place the tube in the proper size hole in the
grip die. (The end of the tube should extend
1/64 inch above the surface of the grip die.)
Center the plunger over the end of the tube and
tighten the yoke setscrew to secure the tubing
in the grip die and hold the yoke in place.
The flare is made by striking the plunger sev-
eral light blows with a hammer or mallet,
Turn the plunger a half turn after each blow
and make sure it seats properly before re-
moving the tube from the grip die. After com-
pleting the flare, inspect to insure that no
cracks are evident, NOTE: The flared end of
the tube should not be any larger than the
largest diameter of the sleeve being user,

Double flares should be used on all 5052
aluminum alloy tubing up to 3/8-inch diameter.
Steel tubing need not be double flared. The
double flare reduces cutting of the flare by
overtightening and the consequent fatlure of
the tubing assembly under operating pressure,
Aluminum alloy tubing used in low-pressure
oxygen systems should always be double flared.
Figure 3-24 (views A and B) shows two of the
tools used in the manufacture of double flared
tube assemblies. Figure 3-24 (view C) shows
the results of proper and improper flaring.

This flaring tool is issued as a kit. The
kit contains a tool body, a ram, and a finish
flare punch. Also included are a set of die
blocks and an upset flare punch for each size
of tubing which may be flared with thiskit,.

To double flare a tube assembly, prepare
the end of the tube as shown in figure 3-20.
Select the proper size die blocks and proceed
as fcllows:

1. Place one-half of the die block in the
flaring tool body with the countersunk end to-
wards the ram guide.

2. Install the nut and sleeve and lay the
tubing in the die block with approximately 1/2
inch protruding beyond the countersunk end.

3. Place the other half of the die block
into the tool. Close the latch plate and tighten
the clamp nuts finger tight.

4, Insert the upset flare punch in the tool
body with the gage end toward the die blocks.
NOTE: One end of the upset flare punch is
counterbored or recessed to gage the amount
of tubing needed to form a double lap flare.
Insert the ram and tap lightly with a hammer
or mallet untfl the upset flare punch meets the
die blocks and the die blocks are firmly set
against the stop plate on the bottom of the
tool.
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NOTE ThiS BENDER CAN BE SUIPPED OVER
PARTIALLY CONNECTED TUBES AS IT IS
APPLIED AT DIRECT POINT OF BEND

1 RAISE SLIDE BAR
HANDLE IF WARD

HANDLE

UFT HAND
3 PREPARE TO RAISE CLIP OVER TUBC

NOTE 2¢RO MARK COINCIDES
WITH MARK ON BLOCK

7
7/ l:
\/\\7)
’
5 WITH ®IGHT HANU, CONTINUE
TO BEND TUBE TO DESIRED

ANGLE BY PRESSING SLIDE BAR HANDLE
AS SHOWN BELOW

LEFT HAND

6 TO REMOVE BENT TUBE,
LIFT SLIDE BAR HANDLE TO
ORIGINAL POSITION AND

RAIE CLlir
g RIGHT HAND
/\'\ . o
90° DONE AS
LEFT . SHOWN IN ABOVE
HAND STEPS
AM, 72

Figure 3-21.- Tube bending.

5. Tighten the latchplate nuts witha wrench. body and tap lightly with a hammer or mallet
Tighten the nuts alternately, beginning with the until the upset flare punch contacts the die
closed side to prevent distortion of the tool. blocks,

6. Reverse the upset flare punch and insert 7. Remove the upset flare punch and ram.
it in the tool body. Insert the ram into the tool Insert the finishing flare punch and ram. Tap
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AM, T3

Figure 3-22,-Mechanical tube bending tool.

the ram lightly untii a good seat is formed.
Always check the seat at intervals during the
finishing operation to avoid overseating.

A finished double flare is shown in figure
3-24 (view C),

CAUTION: When fabricating oxygen lines,
insure that all tools are kept free of oil and
grease,

Double flaring 5/16-inch oxygen tubing re-
quires a slightly different flaring procedure
using a hand flaring tool similar to the one
shown in figure 3-24, view B,

The tubing is prepared for flaring in the
same manner as previously discussed, and the
Sleeve and nutare placed on the end of the tubing.
The clamp blocks of the flaring tool are sepa-
rated, and the tubing is placed between the
clamp blocks with the tubing protruding slightly
above the top surface of the blocks. Next,
close the clamp blocks, slide the harness into
position and tighten the clamp blocks by tighten-
ing the screw and bar type handle on the side
of the harness, using moderate tighteningforce.

Hold the flare tool in the palm of the hand,
as shown in figure 3-24, view B, with the tubing
extended between the second and third fingers.
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Insert the gaging 'pin into the pin guide hole
and tap the gaging pin with a light hammer until
the shoulders of the pin stop against the clamp
blocks. Remove the gaging pin from the pin
guide hole,

Tighten the clamp blocks securely to pre-
vent any sliding of the tubing during the flaring
steps., Hold the tool as before and insert the
starcing pin into the pin guide hole and hammer
it with srarp blows of moderate force until the
shoulder of the starting pin stops against the
clamp blocks,

Remove the gstarting pin and insert the
finishing pin in its place., Hammer the finighing
ptn in the same manner until the shoulder of
the finishing pin stops against the clamp blocks,
Remove the finishing pin and unclamp the tubing,

If the flaring tool i8 used correctly, the out-
side diameter of the flare should be within the
specified tolerance. Incorrect flares 3hould be
cut off and the tubing flared again. A short
inner flare is caused by inserting the tubing too
low in the clamp blocks or by the tubing slipping
in the clamp blocks during the flaring opera-
tion. It should not be used because of the short
bearing surface agalinst the fitting nipple,



AVIATION STRUCTURAL MECHANIC E 3 & 2

GRIP_DIE
\

Mt
! g ] o)
™
I e

TUBING

AM.74
Figure 3-23,—Tube flaring tocl (single flare).

A long irner flare is caused by improper
gaging and should not be used as it will restrict
the flow passage.

DPRESETTING FLARELESS
TUBE FITTINGS

Although the use of flareless-tube fittings
eliminates all tube flaring, another operation,
referred to as PRESETTING, is necessary prior
to installation of a newflareless-tube assembly.
Presetting i8 necessary toform the seal between
the sleeve and the tube without damaging the
connector.

Presetting should always be accomplished
with a presetting tool as shown in figure 3-25,
These tools are machined from tool steel and
hardened so that they may be used with a mini-
mum of distortion and wear. It is recommended
that a mandrel be used during the sleeve pre-
setting operation, A mandrel consists of a short
plece of solid bar of any hard material such as
steel. It should have an outside diameter of
0.002 to 0,005 inch less than the inside diameter
of the tube. Using a mandrel assists inattaining
an improved sleeve cut during the presetting
operation. For field use, a short piece of drill
rod of the proper diameter may be used as a
mandrel. The mandrel should be long enough
to support the tube inside diameter atthe sleeve

-

cut and also at the point where the sleeve
shoulder grips the tube,

NOTE: A connector may be used as a pre-
setting tool in an emergency. However, when
connectors are used as presetting tools, alumi-
num connectors should be used only once and
steel connectors should not be used more than
five times. The presetting operation is described
in the following paragraphs:

NOTE: There aret otypes of flareless-tube
fittings in current use. The older type consists
of a short sleeve (MS21918) and a long nut (MS
21917). The newer type consists of alongsleeve
(MS21022) and a short nuc (MS21271). - “1e pre-
setting operation for the two types aiffers to
some extent. These differences are pointed out
as applicable in the following discussion:

1, Cut the tubing to the correct length, with
the ends perfectly square, Burr the inside and
outside of the tube. Slip the nut and then the
sleeve over the tube, making certain that the
pilot and the cutting edge of the sleeve point
toward the end of the tube. (See fig. 3-25.) It a
mandrel is used, it should be inserted in the
tube at this time.

2. Lubricate the threads of the presetting
tool and the nut with the approved lubricant. Hy-
draulic fluid, Specification MIL-H-5606, is the
approved lubricant for hydraulic lines; and
pneumatic grease, Specification MIL-G-4343, is
the approved lubricant for pneumaticlines. Refer
to NA 01-1A-8, Structural Hardware, for the
approved lubricants for other systems.

CAUTION: Hydraulic fluid or any other
petroleum base lubricants must not be used as
a thread lubricant for oxygen lines.

3. Place the tool in a vise and hold the tub-
ing firm and square on the seat inthe tool. (The
end of the tube must bottom firmly in the tool.)
The tube should be rotated slowly between the
thumb and fingers while the nut is turned down
until the sleeve seizes onthe tube. When the tube
no longer turns, the nut is ready ior final tighten-
ing.

4, The final tightening force necessary to
set the sleeve on the tube depends on the type
of fitting, When presettingthe older type fittings,
tighten the nut (MS21917) 1 1/6 more turns for
all sizes of tubing and all tvpes of tubing ma-
terial. This force sets the sleeve (MS21918) on
the tube,

When presetting the newer type fitting—the
long sleeve (MS21922) and the short nut (MS
21921)—the required tightening force varies,
If a mandrel i8 used, the final tightening force
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varies with the size oi the tubing. If a mandrel
is not used, the tightening force varies with the
size, wall thickness, and material of the tubing.
Tables of these tightening forces (turn values)
are presented in NA 01-1A-8. These tables
should be consulted when presetting this type
fitting.

The final tightening force permanently as-
sembles the sleeve to the tube. Sleeves should
not be removed from the tube and reused under
any conditions.
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Tlmure 3-24,-~Tube flaring tools {(double flare).

After presetting (fig. 3-26), the nut should
be uncoupled from the presetting tool, and the
sleeve and tube inspected for the following:

1. The sleeve cutting lip should be embedded
into the tube outside diameter approximately
0.003 to 0.008 inch (distance (X) in figure 3-26),
depending on the size and material of the tubing.
As shown, a lip of material will be raised under
the pilot. The pilot of the sleeve should contact
or be quite close to the outside diameter of the
tube. (See distance(Y).) The tube projection from
the pilot of the sleeve to the end of the tube
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2. A slight collapse of the inner diameter of

the tube at the sleeve cut and at the shoulder
- is permissable.
PRE1§6-.(1J'I1.'ING SLEEVE /NUT 3. The sealing surface of the sleeve must be
1, / a smooth and free from nicks and scratches.
MWW AL 4, The sleeve should be slightly bowed and
rotation of the sleeve is permitted. A 1,64-inch
lengthwise movement of the sleeve is also per-
mitted.

5. As a final check to determine that the
fitting is properly preset, it should be proof
tested at a pressure equal to twice the intended
working pressure.

i Fyiveiinn

REMOVING OIL AND GREASE
FROM OXYGEN TUBING ASSEMBLIES

Most raw tubing material is stored with a
light film of protective oil aglied to prevent
surface corrosion. Follewing manufacture of
tubing assemblies to be used in oxygensystems,
they must be cleaned thoroughly to remove all
traces of oil and g-ease, There are two methods
of removing Jil "nd grease:

Method A and ivlethod B.

Method A ¢ wmnsists of vapor degreasing the
tubing assembly with stabilized trichloroethy-
lene, which conforms to Military Specification
0-T-634, Type 2. Proper cleaning is accome-
plished by allowing the complete tubingassembly
to remain in a vapor degreaser unitl the speci-
fied temperature of the degreaser is reached.
The tubing is then removed from the degreaser

NUT and blown clean and dry with a stream of clean,
PRESETTING TOOL CUTTING EDGE dry, water-pumped air.
Qil-pumped air must not be used as a subs-
titute for the water-pumped air because oil
SEALING POINTS SPRING WASHER EFFECT vapor deposits would remain in_ the tubing.

SLEEVE SLEEVE
PILOT

AM.76
"igure 3-25.—Presetting flareless-tube \ vae
assembly.
(distance (Z)) should be approximately as listed AS.703
in table 3-2. These figures will vary with wall Figure 3-26.—Preset sleeve—flareless-tube
thickness for a given size. fitting.
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Table 3-2.—Distance from sleeve to tube end.

Tube size Tube projection
3/16 7/64
1/4 7/64
5/16 5/32
3/8 11/64
1/2 3/16
5/8 13/64
3/4 7/32
1 J 15/64

Gaseous oxygen or clean water-pumrp
may be used as a substitute for :
pumped air,

Every precaution must be taken to insure
that the tubing and its fittings are absolutely
clean. After cleaning, the tubing should be
treated with a brush coat of chemical film
surface treatment (MIL-C-5541). Use of this
chemical film is discussed in chapter 4.

If a vapor degreasing tank is not available
method B is used to insure tubing cleanliness.
This method consists of flushing the tubing with
trichloroethylene conforming to Military Speci-
fication MIL~T-27602. The tubing is then blown
clean and dry with water-pumped air followed
by another flushing with anti-icing fluid conform-
ing to Military Specification TT-I-735. Following
the second flushing, the tubing is dried with a
stream of clean, dry, water-pumped air or by
heating at a temperature of 250° to 300°F or a
suitable period of time. Following cleaning and
drying, the tubing is chemically treated as speci-
fied in methcd A,

‘rogen
water-

INSTALLATION OF
TUBE ASSEMBLIES

Before a tubing assembly is installed in an
aircraft, it should be carefully inspected. Dents
and scratches should be removed (if possible
without weakening the tube) prior to installation.
The proper nuts and sleeves should be installed
and a proper fit obtained where the tubing is
flared. Flareless assemblies should be checked
for proper presetting, Each tube assembly

should be proof pressure tested to twice its
operating pressure prior to installation. The

. tubing assembly should be clean and free from
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all foreign matter.

The nuts should be hand screwed to the
mating connector, then tightened with the proper
wrench. The tubing assembly should not have
to be pulled into place with the nut, but should
be properly aligned p: ‘or to tightening,

Tubing which runs through cutouts should be
installed with care so that it will notbe scarred
when worked through the hole. K the tubing
assembly is long, the edges of any cutouts should
be taped before the tubing is installed.

It is important to tighten tube fitting nuts
properly. A fitting wrench or open end wrench
should be used when tightening tube ~onnections.
NOTE: Pliers should never be used to tighten
tube connections.

Flared-Tube Assemblies

Correct and incorrect methods of installing
flared-tube assemblies are illustrated in figure
3-27. Proper torque values are given in tables
3-3 and 3-4. It must be remembered that these
torque values are for flared-tuhe fittings only.

If an aluminum alloy tube assembly leaks
after tightening to the required torque, it must
not be tightened further, Overtightening may
severely damage or completely cut off the tubing
flare or may result in damage to the sleeve or

DO NOT DEFLECT INTO PLACE;

REPLACE TUBE ASSEMBLY
INCORRICT = WILL DAMAGE
. FLARE OR THREADS, OR CAUSE
SLEEVE TO CRACK UNDER
VIBRATION F TIGHTENED
INCORRECT — MAY PULL OFF OR
DISTORT FLARE IF TIGHTENED

CORRECTLY ATTED
AND TIGHTENED

0025 CLEARANCE BETWEEN
FLARE AND SHOULDER
BEFORE TIGHTENING

AM.77
Figure 3-27.—Flared fittings installed correctly
and fincorrectly.
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Table 3-3.—~Torque limits for flared-tube
fittings (inch pounds).

Table 3-4.—Torque values for double flared
type coupling nuts (oxygen system fittings).

B-Nut torque

TUBING
Tube (OD) Low pressure
(inch) High pressure steel | aluminum
Steel | Aluminum | Aluminum
nut nut nut
(ANB17)| (ANB18) | (AN817&818)
3/16 80 28
1/4 125 105 50
5/16 160 160 78
3/8 230 230 112
1/2 430 430 200
5/8 700 700 312
3/4 1000 450
1 600

NOTE: AN 817 and AN 818 nuts are manu-~
factured from steel and aluminum.

nut. The leaking connection should be disas-
sembled and the fault corrected. Common faults
are as follows:

1. Flare distorted into the nut threads.

2. Sleeve cracked.

3. Flare out of round.

4, Flare cracked or split.

5. Inside of flare rough or scratched.

6. Connector mating surface rough or
scratched.

7. Threads of connector or nut dirty, dam-
aged, or broken.

If a steel tube assembly leaks, it may be
tightened 1/6 turn beyond the noted torque in
an attempt to stop the leakage; then if unsuc-
cessful it must be disassembled and repaired.

Undertightening of connections may be seri-
ous, as this can allow the tubing to leak at the
connector because of insufficient grip on the
flare by the sleeve. The use of a torque wrench
will prevent undertightening. CAUTION: A nut
should never be tightened wnenthere ispressure
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Tube OD Torque (inch-pounds)
(inch) Working ~Maximum
torque torque
5/16 100 200
3/8 200 300
1/2 300 500

in the line, as this will tend to damage the con-
nection without adding any appreciable torque
to the connection.

Flareless-Tube Assemblies

When installing flareless-tube assemblies,
inspect to in: ure that no scratches or nicks are
evident and that the sleeve is properly preset.

Lubricate the threads of the nuts and con-
nectors with hydraulic fluid. Place the assembly
in the proper position in the aircraft and finger
tighten clamps, brackets, supports, and nuts.
The tubing ends should fit snugly in the con-
nectors and require little pressure to hold them
in place. CAUTION: Hydraulic fluid must not be
used to lubricate fluid line connections inoxygen
systems.

Use the torque values that are listed intable
3-5, If it is not possible to usea torque wrench,
follow this procedure for tightening nuts: Run
the nut down tight, using the fingers if possible.
If this is impossible, use a wrench but be alert
for the first signs of bottoming. It is important
that final tightening commence at the point where
the nut just begins to bottom. With a wrench,
tighten the nut 1/6 of aturn(oneflat on hex nut).

After the tube assembly is installed, the
system should be pressure tested. Should a
connection leak, it is permissible to tighten the
nut an additional 1/6 turn {making a total of 1/3
turn). If after tightening the nut a total of 1/3
turn, leakage still exists, the assembly should
be removed and the components of the assembly
should be inspected for scores, cracks, presence
of foreign material, or damage from overtight-
ening. NOTE: Overtightening a flareless-tube
nut drives the cutting edge of the sleeve deeply
into the tube, causing the tukb2 to be weakened
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Table 3-5.—Torque values for flareless fittings.

WRENCH TORQUE FOR 304 1/8 H STEEL TUBES

Tube Wrench torque
outside diameter Wall thickness inch-pounds
3/16 0.016 90-110
3/16 0. 020 90-110
1/4 0. 016 110-140
1/4 0. 020 110-140
5/16 0. 020 100-120
3/8 0. 020 170-230
3/8 0.028 ¢20-250
1/2 0. 020 300-400
1/2 0.028 400-500
1/2 0.035 500-600
5/8 0. 020 300-400
5/8 0. 035 600-700
5/8 0. 042 700-850
3/4 0. 028 650-800
3/4 0.049 800-960

1 0.020 800-950
1 0. 065 1600-1750

WRENCH TORQUE FOR 304-1A or 3471A STEEL TUBES

3/8 0. 042 145-175
1/2 0.028 300-400
1/2 0. 049 500-600

1 0. 035 750-900

WRENCH TORQUE FOR 6061-T6 or T4 TUBES

1/4 0.035 110-140
3/8 0.035 145-175
1/2 0.035 270-330
1/2 0. 049 320-380
5/8 0.035 360-440
5/8 0.049 425-525
3/4 0. 035 380-470

1 0.035 750-900
11/4 0.035 900-1100

to the point where normal in-flight vibration
could cause the tube to shear. After inspection
(if no discrepancies are found), reassemble the
connections and repeat the pressure test pro-
cedures.

CAUTION: Do not tighten the nut beyond 1/3
turn (two flats on the hex nut); this is the maxi-
7, - the fitting may be tightened without the
p. ibility of permanently damaging th> sleeve
and tube.
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Brazed Tube Assemblies

Brazed tubing systems are appearing in
many of the later model alrcraft within the
Navy. The brazed tubing system includes a
multibranch feature which results in fewer
threaded connections and the near elimination
of O-ring seals. A typical example of a brazed
assembly is provided in figure 3-28. Brazed

9
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Figure 3-28.—Brazed tubing assembly.

tubing assemblies are made of rigid corrosion-
resistant steel and assembled with sleeves and
coupling nuts. Individual segments of the as-
sembly are generally identified by separate
part number and dash number and are brazed
together into an assembly. On some aircraft
such as the A-4F, a direction-of-flow arrow
is electroetched on each individual segment
of each tuhe assembiy.

Maintenance of brazed tubing is limited to
identification marking maintenance, sleeve
sizing, segment repair, or complete assembly
replacement. Tubing identification maintenance
consists of installing color band tape on new
tubing assemblies and on existing assemblies
where the color bands have become lost, worn,
or illegible. The requirements, location, and
precautions for installing color band identifi-
cation are covered in Structural Hardware,
NavAir 01-1A-8,

Overtightening of the B-nut on the flareless
type fitting used to connect most brazed tubing
assemblies usually results in damage to the

sleeve and consists of a necking down or swag- .

ing of the tip. This necking down can usually
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be corrected by the use of a sleeve sizing
punch assembly as illustrated in figure 3-29.
Because of the malleability of the sleeve ma-
terial, sizing can be accomplished several
times before the prospect of material failure
would require replacement of that segment,

SLEEVE SIZING.—The sleeve sizing proce-
dure can be accomplished without removing
the line assembly from the aircraft, s, .ce
permitting. Disconnect the tube assembly and
connect the B-nut on the end of the tube as-
sembly to the threaded part of the body on the
punch assembly fingertight, Using a wrench
to hold the body, tighten the B-nut 1/8 turn
(one hex side) beyond fingertight. Next, still
holding the body of the punch assembly, slowly
turn the cap on the punch assembly until the
punch is bottomed in the extended position.
Reverse the wrench action to withdraw the
punch. Disconnect the punch assembly from
the tube assembly and inspect the sleeve.
Slight collapse of the tube assembly is per-
missible. No nicks or scoring marks are
allowed on the sleeve, and no movement of
of the sleeve except rotation is permissible.
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Figure 3-29.-Sleeve sizing—flareless .itting.

the

Pressure test repaired assembly for

leakage as specified in the applicable MIM. If
the pressure test is positive, reconnect the tube
assembly to the aircraft system, airbleed the
lines, and service the system.

SEGMENT REPAIR.—Whenever a segment
or a fitting of a brazed tubingassembly has been
damaged, it can generally be repaired. Figure
3-30 provides an example of typical segment re-
pairs to a damaged assembly. With all pressure
relieved in the system to be repaired, discon-
nect all couplings. Cap or plug all openings on
adjacent lines and components to prevent loss
of fluid and/or entrance of contamination. Cap
or plug all openings on the tube assembly ex-
cept two, one at the highest and one at the low-
est openings. Pour suitable solvent intc the
highest cpening to remove all system residue.
Connect 20 to 40 psi of air pressure upstream
of any cutting, burring, and sleeve presetting
operations and insure that the coupling down-
stream is open for purge air exit. Brazed
oxygen tubing assemblies must be purged using
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clean, cry, water pumped air or nitrogen as
specified '~ the MIM. This will prevent entry
of metal ticles inthe system. The procedures
for repair of such tubing assemblies may vary
slightly in the various MIM’s. Following repair,
the assembly must be tested.

Oxygen System Tube Assemblies

Care m''st be taken at all times to keep the
tubing clean and free from foreign matter dur-
ing installation, The use of threadantisieze tape
(polytetrafluroethylene—MIL-T-2%:730A) should
be limited to tapered male pipe threads. Thread
compounds or tape should not be used onoxygen
flared tube fitting threads.

Thread antisieze tape (size 1 — 1/4 inch wide)
is used on 1/8, 1/4, and 3/8 inch pipe threads.
Thoroughly clean the male and female threads,
assuring that all previously appliedtape or com-
pound is removed., Wrap the antisieze tape in
the direction of the spiral of the male pipe
threads, beginning with thethird thread. If maxi-
mum' tolerance diameter female fittings are
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AM.935
Figure 3-30.—~Brazed tubing segment repair.
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being :nated with nominal or minimum tolerance
male fittings, this will prevent the tape from
being cut and entering the system.

If minimum tolerance diameter female fit-
tings are being mated with maximum tolerance
diameter male fittings, a very close fit will
result and thread tape is applied from the first
thread up. Care should be taken not to contami-
nate the tape. Completely encircle the threads
and join the ends together with a very slight
overlap.

Pipe threaded fittings should be started by
hand. A torque wrench should be used to tighten
all pipe threaded fittings. The torque values
for pipe threaded connections are listed intable
3-6.

CAUTION: The importarce of the following
cannot be overemphasized: It is imperative that
all oxygen equipment, lines, and fittings be kept
free from GREASE, DIRT, OIL, HYDRAULIC
FLUID, and LEAKS. Leakage in oxygen system
connections should be eliminated since the leak-
age rate may increase with time and vibration.

FLEXIBLE HOSE

Flexible hose is used in connecting moving
parts with stationary parts and inlocations sub-
ject to severe vibration. It is heavier thanalumi-
num alloy tubing and deteriorates rapidly; there-
fore, it is used only where absolutely necessary.
The two types, rubber and Teflon flexible hose,
are discussed in the following paragraphs.

RUBBER

Flexible rubber hose consists of a seamless
synthetic rubber inner tube covered with layers
of cotton braid and wirebraid, and anouter layer
of rubber impregnated cotton braid. It is pro-

Table 3-6.—Torque values for pipe threaded
fittings (oxygen system).

Pipe thread (inch) Torque (inch-pounds)

1/8 125 - 175
1/4 200 - 300
3/8 300 - 450
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RETINY

vied an oo e w5 €, uedium-prassure, ard
Yo aep, e sarce vELE, Figure 3-31illustratesthe
Sese which t: coaduonly used in medium-pres-
sure »pplicetions. This hose is identified by a
Military Specification number, the hose size,
the quarter year and year of manufacture, and
the hose manufacturer’s symbo. This informa-
tion is stenciled on the hose at intervals of not
more than 9 inches the entire iengthof the hose.
The stenciled information indicate< the natural
lay of the hose.

The size of flexible hose is determined by
the inside diameter (ID) ana indicated vy anum-
bering system identical to that used with rigid
tubing. Therefore, the fittings used on No, 6 hose
will be the same size and have the same threads
as those used on No. 6 (3/8 inch) tubing.

High-pressure hose is available to theoper-
ating activity in complete assembliesonly. These
assemblies are equipped with swaged type {it-
tings and are fabricated only by commercial
activities and intermediate or depot maintenance
level activities, because of the special toolsre-
quired. Medimum- and low-pressure hose as-
semblies are equipped with detachable type end
fittings (described later) and may be fabricated
at the intermediate maintenance level.

FABRICATION AND REPLACEMENT

Flexible hose must be replaced if peeling,
flaking of the hose cover, or exposure of the
fabric reinforcement to the elements occur.

When failure occurs in a flexible hose
equipped with swaged end fittings, the unit is
gene~ally replaced without attempting a repair;
that is, the correct length of hose, complete with
factory-installed end fittings, is drawn from
supply.

When failure occurs inlow-pressure or med-
ium-pressure hose equipped with detachable type
end fittings, the replacement unit isusually fab-
ricated¢ in the shop. Undamaged end fittings on
the old length of hose may be removed and re-
used; otherwise, new fittings raust be drawnfrom
supply along with a sufficient length of hose.

NOTX: Inspect bulk hose prior to use *n in-
sure thut its shelf life has not expired. Th: <helf
life of bulk rubber hose should not exceed 5 ,ears
(20 quarters) from the date of manufacture (cure
date). The cure date is normally stenciled on
the hose as shown in figure 3-31.

Figure 3-32 illustrates one type of detach-
able end fitting. This fitting is intended for use
with medium-pressure hose which conforms to
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Figure 3-31.—Medium-pressure hose,

Specification MIL-H-8794C. This fitting is de-
gigned for use inflared-tube systems. Cther hose
fittings which are designed tobe used with flare-
less-tube fittings are also available,

Assembly of Sleeve Type Fittings

A tool kit is available for assembling the
MS-24587 fittings to MIL-H-8794C (medium-
pressure) hose, Figure 3-33 illustrates the hose
assembly tool kit, which contains the assembly
tools for use on the smaller sizes (3/16 through
3/4 inch) of hose. If a tool kit is not available,
the corresponding size AN-815 adapter may be
used.

Figure 3-34 illustrates the steps in assem-
bling the MS-24587 fitting, using the proper size
assembly tool from the hose assembly tool kit,

SOCKET

NIPPLE — NUT.

_
SRR

ASSEMBLED ——
FITTING

AM.80
Figure 3-32.—Sleeve type flexible hose fit-
ting (MS-24587).

1}
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PART NO. 597

ASSEMBLY TOOL KIT
(SIZES—3 THRU 12 )

AM.81
Figure 3-33.—Medium-pressure hose assembly
tool Kit.

After assembly, always make sure all for-
eign matter is removed from the inside of the
hose by blowing out with compressed air,

All shop-assembled flexible hose must be
proof tested after assembly, Proof testing is
accomplished by plugging or capping one end of
the hose and applying pressure to the inside of
the hose assembly.

Proof testing of shop fabricatedhose assem-
blies should be accomplished in accordance with
instructions contained inthe applicable Mainten-
ance Instructions Manual. In cases where proof
test pressures are not included in the aircraft
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(A) (8)

A, Clamp the hose in the vise and cut the
required length with a fine-tooth hacksaw.

B. Secure the socket in the vise. Turn the
hose counterclockwise into the socket untii it
bottoms. Unscrev 1/4 turn.

¢. Insert the nipple in the nui. Install the
proper size assembly tool and tighten, using
two wrenches.

D. Place the socket in the vise with the
threaded end exposed. Lubricate the inside of
the hose and the nipple threads with hydraulic
fluid or light lubricating oil.

#. Using a wrench on the assembly tool,
s¢rew the nipple into the socket and hose, ex-
ercising care to prevent the hose from turning.
A clearance of 1/32 to 1/16 inchbetween the nut
and socket is required so that the nut will swivel,
Remove the assembly tool.

Figure 3-34.—Assembly of MS-24587 fitting to medium-pressure flexible hose,

Maintenance Instructions Manual, refer to the
Aircraft Structural Hardware Manual, NavAir
01-1A-8, Table 3-71lists the proof test pressures
for a few sizes of medium-pressure hose when
assembled with MS-24587 fittings for use inair-
craft hydraulic systems.

In<iallation of Flexible
Hose Assemblies

Flexible hose must not be twisted on instal-
lation, since this reduces the life of the hose
considerably and may cause thefittings toloosen
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Te 3-7.—Proof test pressures for medium-pressure hose assembled with MS-24587 fittings.
Hose size Operating pressure Proof pressure Burst pressure
number (psi) {psi) (ps1)
4 3,000 6,000 12,000
5 3,000 5,000 10,000
6 2,000 4,500 9,000
8 2,000 4,000 8,000
10 1,750 3,500 7,000
12 1,500 3,000 6,000

as well. Twisting of the hose can be determined
from an identifi~ation stripe running along its
length, or as in the case of medium-pressure
hose (shown in rigure 3-31) by the stenciled
information that is used to identify the hose.

The minimum bend radius for flexible hose
varies according to size and construction of the
hose and the pressure under which the hose will
operate. Tables and graphs showing minimum
bend radii for all types of installations are
provided in Aircraft Structural Hardware, NA-
01-1A-8. Bends which are too sharp will reduce
the bursting pressure of flexible hose con-
Siderably below its rated value.

Flexible hose should be installed so that it
will be subject to a minimum of flexing during
operation. Hose must be supported at least
every 24 inches. Closer supports are desired.

A flexible hose must never be stretchedtight
between two fittings. About 5 to 8 percent of its
total length must be allowed as slack to provide
freedom of movement under pressure. When
under pressure, flexible hose contracts inlength
and expands in diameter,

TEFLON

Teflon hose is a flexible hose designed to
meet the requirements of higher operatingtem-
peratures and pressures in present-day weapon
systems. Teflon hose can generally be used in
the same manner as rubber hose.

Teflon hose consists of a tetrafluorethylene
resin which is processed and extruded into tube
shape to a desired size. It is covered with
stainless steel wire which is braided over the
tube for strength and protection, The advantages
of this hose are its operating temperature range
(-67° Fto + 450° F), its chemical inertness ‘o
all fluids normally used in hydraulic and engine
lubrication systems, and its long life. At this
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time, only medium-pressure and high-pressure
types are available andare complete assemblies
with factory-installed endfittings. These fittings
may be either the detachable type or the swaged
type. When failures occur, replacement must be
made on a complete assembly basis.

The size of Teflon hose is determined in the
same way the size of rubber hose is determined.

Teflon hose, like rubber hose, has definite
limits and particular characteristics that de-
mand understanding and attention in the general
handling during installation and removal, To
insure its satisfactory function and reduce the
likelihood of failure, the following rules should
be observed when working with Teflon hose:

1. Do not exceed recommended bend limits.

2. Do not exceed twisting limits,

3. Clamp the hose assemblies at leastevery
24 inches (more closely if possible) to lend
support enough to prevent bending and kinking.

4. Donot permit flexible hose to impingeon,
and thus possible deflect, rigid supporting lines.

5. Allow a slight slack in the hose line to
accommodate changes in length that will occur
when pressure is applied.

6. Do not straighten a bent hose that has
taken a permanent set.

7. Do not hang, lift, or support objects from
Teflon hose.

Maintenance

Teflon hose, like all aircraft parts, has
definite wearability limits. The chafing caused
by hose rubbing against other surfaces, for
instance, has undermined many parts and Sys-
tems. Disaster consequent to such wear can be
averted only through frequent inspection and
maintenance by alert maintenance and quality
assurance personnel,

INSPECTION,.-Whereas all rubber aircraft
hose must be inspectedfor aging and associated
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Figure 3-35.—ethods used to secure flulr lines.

deterioration immediately prior to installa-
tion, Teflon hose, being comparatively inert,
is exempt from shelf-life control. However,
Teflon hose assemblies must be visually in-
spected for leakage, abrasion, and kinking
according to the aircraft inspection require-
ments in the applicable Maintenance Instructions
Manuals. The presence and extent of the fol-
lowing possible defects must be determined.
Kinking.—Kinking is ar imperfection induced
in Teflon when it is bent at a closer angle (or
shorter radius) than its characteristics allow.
This is a common cause of failure, because
Teflon hose tends to assume the shape of the
position in which it is installed and becomes
semipermanently set or ‘“‘preformed’’ in these
configurations. These so-cailed preformed
hoses kink easily and their walls are severely
weakened if they are excessively bent or twisted
or if they are permitted to follow their natural
tendencies to revert to their orientations. They
must be handled very carefully while being
removed and should be tied with wire that will
hold them in shape pending reinstallation.
Excessive Cold Flow.~Cold flow is the name
given the deep permanent impressions and
cracks in the hose cover caused bythe pressure
of the hose clamps. Replace hose wheil cold
flow becomes too deep.
Weather-Checking.—Weather-checking, the
occurence of numerous fine cracks caused by
exposure to various weather conditions Gver
extended periods, causes no serious damage as
long as it does not expose the fabric of the hose
cover. However, weather-checking deepened to
the point of exposing this fabric can contribute
to the weakening and eventual failure of hose.

To examine the extent of weather-checking,
flatten the walls of the hose together, with force
if necessary. If the cord fabric can be seen at

P w2

BONDING  CLAMPS

SUPPORT  CLAMPS { CUSHICHED)

I\A'AM.78
Figure 3-36.—Bonding and support clamps.
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any point, replace the hose. Replace the hose
also if radial cracks at the end of the hose are
deeper than one-eighth inch or 2ie halfway from
the ends of the hose to the clamgs.

Internal Cracking.—Fuel hoses, both Teflon
and rubber, dry out and crack when they lose
the plasticizer that keeps them pliable. Hoses
remain pliable while in active use with gasoline
flowing through them but lose their plasticizers
when the fuel is drawn off.

Therefore, fuellines of previously usedair-
craft that are to be returned to service after
extended storage must be inspected for internal
cracking. Those showing internal cracks, which
are hest revealed by pressing the hose with the
fingers to widen imperfections, should be re-
placed. while those showing no visible cracks
at either end are considered sat isfactory
throughout.

Separation of OQuter Cover.—Whenthe cotton-
braid or rubber coverings of metal-reinforce:d
hose become loose, frayed, or chafed to the
point that the metal reinforcement is exposed or

ADAPTER

damaged, replace the hose. If a hose shows some
wear but the metal is not exposed or damaged,
wrap the frayed or chafed areas in flexible,
electrical-insulation sleeving and secure it over
the hose with support clamps.

Wire-Braid Damage.—Wire-braid damage is
considered excessive when two or more wires
in a single plait or six or more in an assembly
(or lineal foot when assemblies are longer than
12 inches) are broken. Broken wires, where
kinking of 7eflon hose is suspected, are felt as
sharp dents or twists in the braid.

CAUTION: When performing wire-braid
damage check, the Teflon hose must always be
haniled with great care so that the wire-braid
damage does not not injure the hands.

CLEANINC.-Teflon hose is nonabsorbent
and nonadhesive, and is usually unaffected by
fuels, lubricating oils, coolants, and solvents
used around aircralt. It is easily cleaned in
oleum spirits, xerosent. trichloroethylene, or
synthetic detergents. Wuen dipped in or flushed
with the cleaning solutior, the hose merely

?I
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Figure 3-37.~Securing lines using support ciamps.
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needs a slight brushing to remove the surface
debris.

WARNING: Because some solvents are highly
flammable and sume toxic, proper precautions
must be taken when they are used. Prolonged
inhalation of fumes must be avoided.

STORAGE.—When storing Teflon hose, be
sure to:

1. Cap or plug the ends of all hose assem-
blies with metal or plastic plugs.

2. Tape hose ends to prevent wire flareout.

3. Store hose in straight nosition if possible.
When it is necessary to coil hose, use the widest
coil possible,

CLAMPS

As stated carl.er in this chapter there are
hundreds of feet of tubing and flex hose running
throughout the aircraft structure. These fluid
lines are routed to .ollow the configuration of
‘he aircraftstructure to provide support for the
lines. Clamps, bulkhead fittings, clips, brackets,
and clamp blocks not only secure the lines to
the adj.cent structure, but also provide a
dampening effect to prevent harmful vibration.
Fluid lines must be kept separated from the
aireraft structure and other lines to prevent
chafing. Chafing (rubbing) of the lines cancause
failure of the system. As the lines rub against
each other or the aircraft structure, the wall
thickness of the tubing is diminished until it can
no longer withstand the fluid pressure, and the
line ruptures, The three most common methods
of securing fluid lines are shown in figure 3-35.

INSTALLATION OF CLAMPS

While performing maintenance actions the
AME may be required to remove clamps and/or
¢clamp blocks. In all cases, unless directc | by
Aircraft Changes, Bulletins, etc., the clamp (s)
and or clamp block(s) with all of the necessary
hardware (washers, spacers, nuts, screws and/
or bolts) must be reinstalled,

CAUTION: Do no allow any dropped hardware
to remiin lying in the aircraft upon completion
of maintenance actions,

The most abused and neglected are the line
elamps which are used to properly bond (provide
a path for statie electricity) and support vigid
tubing and flexible hose, T vure 3-36 snows
hoth the plain bonding elamps and the cushioned

steel clamp. The cushioning material may be
either rubber or Teflon.

Support clamps should be installedat 15-inch
intervals rad as close to tubing bends as pos-
sible. In no case should clamps be installed at
intervals greater than 20 inches.

When tubing is connected to a structure or
other tubing, a minimum clearance of 1/16 inch
should be maintained. A minimum clearance
of 1/4 inch should be maintained between lines
and moving parts that are actuated on tae air-
craft. Extra support clamps taay be used in any
installation to prevent vibration and chafing, or
to provide line clearance.

Figure 3-37 ulustrates six ways to secure
fluid lines to each other using support clamps

_ RIGHT

WRONG

ABRASION

CLAMP TOO LARGE

ABRASION

AM. 417
Fijrure 3-38, —=Installation procedures
(right and wrong.)
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to maintain line clearance and prevent chafing
due to vibration. In view (A) an adapter is used
to maintain the desired line clearance. View (B)
illustrates the use of a spacer, and views ),
(D). (E), and (F) show the use of support clamps
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positioned in such a manner as to Separate the
fluid lines properly.

Figure 3-38 shows a flexible hose secured to
the aircraft structure. The lower view shows
what could happen if toolarge aclamp were used.



CHAPTER 4

CORROSION CONTROL

CORROSION

Modern high-speed aircraft are dependent
upon the structural soundness of the metals which
make up the largest percentage of their thou-
sands of parts. The greatest threat to structural
integrity of naval aircraft is metals corrosion,
With higher strength demands being madeof air-
craft metals and the closer tolerances of flight
safety demanded, these aircraft would rapidly
become inoperative without regular anticorro-
sion attention.

Corrosion endangers the aircraft by reduc-
ing the strength and changing the mechanical
characteristics of the materials used Inits con-
struction. Materials are designed to carry cer-
tain loads and withstand given stresses as well
as to provide an extra marging of strength for
gafety, Corresion can weaken the structure,
thereby reducing or ecliminating this safety
factor. Replacement or reinforcement opera-
tions are costly, time-consuming, and reduce
usage of the aircraft. Severe corrogion can cause
failure of parts or systems which is an obvious
danger. Corrosion in vital systems can cause
malfunctions that endanger the safety of flight,
and such dangers reemphasize the importance
of corrosion control.

Metals corrosion 18 the deterforation of
metals as they combine with oxygen to form
metallic oxides. This combining is a chemical
process which 18 essentlally the reverse of the
process of smelting the metals from theirores.
Very few metals occur innature in the pure state.
For the most part they occur naturally as me-
talllc oxides. Thesc oxides may also he mixed
with other undesirable impurities {n the ores.
The refining processes generally involve the
extraction of relatively pure metal from its ore
and addition of other elements (either metallic
or non-metallic) to form alloys. Alloytng con-
stituents are added to hage metals to develop a
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variety of useful properties, For example, in air-
craft structural applications, high strength-to-
weight ratios are the most desirable properties
in all alloys.

After refining, regardless of whether or not
alloyed, base metals possess a potential orten-
dency to return to their natural state. hiowever,
potential is not sufficient in itself to initiute and
promote this reversion. There must also exist
a corrosive environment, in which the significant
clement is oxygen. It is the process of oxida-
tion~combining with oxygen—that causes wood
to rot or burn and metals to corrode.

Control of corrosion is dependentupon main-
taining a separation between susceptible alloys
and the corrosive environment. Thig separation
is accomplished in various ways. A good intact
coat of paint provides almost all of the corro-
sion protection on naval aircraft. Scalants are
used at seams and joints to prevent entry of
molsture into the aircraft, preservatives are
used on unpainted areas of working parts, and
shrouds, cover, caps, and other mechanical
equipment provide varying degrees of protec-
tion from corrosive media. None of these how-
ever, provide 100 percent protection in the long
run—paint is subject to oxidation and decay
through weathering; scalants may work out by
vibration or else be croded by rain and wind-
blast, Preservatives at best offer only tempo-
rary protection when usged on operating aircraft
and the mechanical coverings are subjectto im-
proper Installation and neglect. Control of cor-
rosion properly hbegins with an understanding of
the causes and nature of this phenomenon, Cor-
rosion 18 caused by clectrochemical or direct
chemical reaction of a metal with other clements,
In the direct chemical attack, the reaction s
similar to that which occurs when acld is applied
to bare metal. Corrogion In its most familiar
form is a reaction between metal and water and
i8 electrochemical in nature.

7\
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In the electrochemical attack, metals of dif-
ferent electrical potential are involved and they
need not be in direct contact. When one metal
contains positively charged ions and the other
negatively charged ions and an electrical con-
ductor is bridged between them, current will
flow as in the discharge of a dry cell battery.
In electrochemical corrosion the conductor
bridge may be any foreign material such as
water, dirt, grease, or any debris thatis capable
of acting as an electrolyte, The presence of salt
in any of the foregoing mediums tends to accel-
erate the current flow and hence speed the rate
of corrosive attack.

Once the electricai couple is made, the elec-
tron flow is established in tue direction of the
negatively charged metal (cathode), and the
positively charged metal (anode) is eventually
destroyed. All preventive measures taken with
respect to corrosion control are designed pri-
marily to avoid the establishment of the elec-
trical circuit, or secondly, to remove it as soon
as possible after establishment before serious
damage can result. Figure 4-1 ijllustrates the
electron flow in a corrosion environment (elec-
trolyte) resulting in destrt :tion of the anodic
area, Note that the surface of ametal, especially
alloys of the metal, may contain anodic and
cathodic areas due to impurities or alloying
constituents which have different potentials than
the base metal,

Electrochemical attack is evidenced in sev-
eral forms, depending upon the metal involved,
its size and shape, its specific function, atmos-
pheric conditions, and the type of corrosion-
producing agent (electrolyte) present. There are
many forms of metals deterioration resulting
from electrochemical attack about which agreat
deal is known. But despite extensive research
and experimentation, there is still much to be
learned about other, more complex and subtle
forms. Descriptions are provided later in this
chapter for the more common forms of corro-
sfon found on airframe structures.

Since there are 80 many factors which con-
tribute to the process of corrosion, sclection of
materials by the aircraft manufacturer must be
made with weight versus strength as a primary
consideration and corrosion properties as a
secondary consideration, In the Interestof aero-
dynamic efficiency, even the number of draln
holes is limited untll accumulated operational
data indicates a greater drain requirement.
Close attention during aircraft design and
production is also glven to heat treating and
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Figure 4-1,—Simplified corrosion cell.
annealing procedures, protective coatings,

choice and application of moisture barrier mate-
rials, dissimilar metals contact, and access
doors and plates, In other words, every logical
precaution is taken by the aircraft manufacturers
to inhibit the onset and spread of corrocsive
attack.

There are many factors that affect the type,
speed, cause, and the seriousness of metal cor-
rosion. Some of these corrosion factors can be
controlled; others cannot. Preventive mainte-
nance factors such as inspection, cleaning, and
painting and preservation are within the control
of the operating squadron, They offer the most
positive means of corrosion deterrence.

The electrochemical reaction which causes
metal to eorrode is a much more serious
faetor under wet, humid conditions, The galt
in sea water and the salt in the air is the
greatest single eause of aircraft corrosion,
Hot elimates speed the eorrosion process be-
cause the electrochemieal reaetion develops
fastest in a warm solvtion, and warm mois-
ture in the air is usually suffieient to start
corroslon if the metals are uncoated. As would
be expected, hot drv climates usually provide
rellef from constant corrosion problems. Fx-
tr.. ely cold <climates produce corrosion
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problems if a salt atmosphere {s present, Melt-
ing snow or ice provides the necessary water to
begin the electrochemical reaction.

Thick structural sections are subjectto cor-
rosive attack because of possible variations in
their composition, particularly if they were
heat treated during fabrication. Similarly, when
large sections are machined or cut out after heat
treatment, thinner sections have different phys-
ical characteristics than the thicker areas. In
most cases, difference in physical character-
{stics provides enough difference in electrical
potential to render the piece highly susceptible
to corrosion. Another corrosion factor regard-
ing size of materials lies in the area relation-
ship between dissimilar metals. When two dis-
similar metals are used where possible contact
may develop, if the more active metal 18 small,
compared to the less active one, corrosive
attack will be severe and extensive if the insula-
tion should fail, If the area of the less active

MONEL RIVET
(SMALL CATHODE)

RELATIVELY LITTLE
CORROSIVE ATTACK

ALUMINUM SHEET
(LARGE ANODE)

metal is small compared to the other, anodic HEAVY
attack is relatively slight. Figure 4-2 {llustrates CORROSIVE ALUMINUM RIVET
this factor. ATTACK (SMALL ANODE)

One of the biggest problems in corrosion
control {s in knowing what materials to use,
where to find them, and the limitations appli-
cable to their use. Materials used should be
those covered and controlled by military speci-
fications, preferably those authorized specifi-
cally for use on aircraft. Corrosion control in-
formation pertaining to materials, methods, and
techniques {s scattered throughout many direc-
tives and instructions, and this information is
constantly being revised as better chemicals
and protective methods are developed. The fol-
lowing is a list of sources of information that
should be readily available for reference in
every unit’s technlcal library or in the air-
frames shop:

1. Aflrcraft Cleaning and Corrosion Control
for Organizational and intermediate Maintenance
Levels, NavAir 01-1A-509,

2. Preservation of Naval Afrcraft, NavAir
15-01-500.

3. Chart—Cleaning Materials for Naval Alr
Systemsg—Malintenance and Overhaul Operations,
NavAir 07-1-503,

4, Chart—Corrosion Preventive Compounds
uged by the Naval Alr Systems Coinmeoad, Nav-
Air 01-1A-518,

5. Corrosion Control, Cleaning, Painting,
and Decontamination,

SN
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(LARGE CATHODE)

AM. 50
Figure 4-2.-Effects of area relationships in
dissimilar metal contacts.

One volume of the Maintenance Instructions
Manuals for all late model aircraft is on these
subjects.

6. Periodic Maintenance
Cards (as applicable).

PREVENTIVE MAINTENANCE

““An ounce of prevention is worth a pound of
cure.’”” Where corrosion provention on naval
ajrcraft is concerned the foregoing cliche is a

Requirements
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ridiculous understatement, Compared with the
cost of some late model aircraft, which runs
into millions of dollars, the cost of corrosion
prevention is a mere pittance. Preventive main-
tenance is a powerful tool which can be used to
effectively control even the most difficult cor-
rosion problems.

Most corrosion prevention programsare ad-
justed by the operating activity to meet severe
conditions aboard ship and then decreased in
scope when the aircraft is returned to the rel-
atively mild conditions prevailing ashore. When
regular corrosion preventive maintenance must
be neglected in emergencies due to tactical
operating requirements, a period of intensive
care should follow in order to bring the air-
craft back up to standard.

Preventive measures most commonly taken
with respect to corrosion require the aircraft
to be kept as clean as possible, all surface
finishes intact, correct and timely useof covers
and shrouds, periodic lubrication, andthe appli-
cation of preservatives where required. Years
of experience have proven the need for such
measures if the aircraft are to remain air-
worthy.

Where corrosion preventive maintenance is
neglected, aircraft soon become unsafe to fly.
Squadrons with the best corrosion preventive
programs are likely to have the best safety
records, most utilization of aircraft, andlowest
operating costs.

SURFACE MAINTENANCE

Surface maintenance includes regular clean-
ing of the aircraft as well as touchup of protec-
tive paint coatings. Since paint touchup is ac~
complished after removal of corrosion,
coverage on this subject is included under the
heading, Corrosion Elimination, later in this
chapter. This does not imply that touchup cf
damaged paint should not be done unless cor-
rosion is present. Touchup of new damage to
paint finishes will prevent corrosion from start-
ing there.

The cleaning of aircraftis an important func-
tion in retaining the acrodynamic efficicney and
safety of aircraft. In keeping with this inypor-
tance, acceptable materials, m- "'.uu:, and pro-
cedures for use in airc.aft maintenande cleaning
are pre<:ribed in ¢urrent dircctives and must
be u¢ . Ingtances of serious damage have re-
Sulteu to exterior and interivr of airecraft due
to the lack of c~orrect Informotio. regirding
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materials and equipment and their use. Ship-
board procedures are not necessarily the same
as procedures ashore, but the same materials
are available and comparable results are ac-
complished, although different application meth-
ods may be necessary.

How often an aircraft should be cleaned de-
pends on the type of aircraft and the environ-
ment in which it has been operating. It is im-
portant that the aircraft be kept in a clean
condition and repeated cleaning should be ac-
complished as often as necnssary. The necessity
for cleaning is indicated whenever there is any
appreciable amount of s6il accumulation within
exhaust track areas; by the presence of salt de-
posits or other contaminants such a. stacl.
gases; by evidence of paint surface deteriora-
tion such as softening, flaking, or peeling; and
by the presence of excessive oil or ¢ thaust de~
posits or spilled electrolyte and deposits around
batttery areas. Cleaning is always mandatory
immediately after exposure tofire extinguishing
materials, after exposure to adverse weather
conditions and salt spray, after the aircraft has
been parked near seawalls during high wind con-
ditions, after low level flight, and after repairs
or service which has left stains, smudges, or
other gross evidence of maintenance. A daily
cleaning or wipedown is required on all exposed
unpainted surfaces such as stz .its, actuating
cylinder rods, etc.

Ajrcraft must be thoroughly cleaned before
being placed in stora; . “nd should also receive
a thorough cleaning 1 u - of dey “eserva-
tion. Unpainted airc. - cacaned and also
polished at frequen' ince Us. Aboard ship,

cleaning and rer i) 9. 50" leposits are nec-
essary as soon Foshible o prevent corro-
sion.

Components wb ¢ ar.: ci -feally loaded {de-
signed with min um saie”. marging to con-
serve size and we 14f) »u ¢ (8 helicopter rotor
parts, and compm s .- parts which are ex-
posed to corrosiv “.omments, such as en-
gine exhaust gas, .d, or rocket blast, ar¢
cleancd as often as ,,088ible to minimize e:-
posure to these corr.:tuve agunts. NOTE: L
bricatic.. -nd preservation of exposed compc
nents are necessary to displace any of the
cleaning solucion entrapped during the c¢leaning
oper.ition.

Materiais

Only NavAir sprcification cleaning materials
i:ay be used on aircraft. Navy specific.ition
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cleaning materials are made up and compounded
to accomplish definite results and are made
available only after complete testing and actual
field acceptance. All specification materialsare
inspected and tested before acceptance and
delivery to the supply activities. Cleaning agents
commonly used by Organizational and Interme-
diate maintenance activities are included in the
following categories.

SOLVEMNTS.-Solvents are liquids which dis-
solve other substances. There are a great num-
ber of different solvents, but for cleaning
purposes, organic solvents are most often used.
Some solvents are chlorinated. When solvents
contain more than 24 percent by volume of
chlorinated materials they must be kept in
specially marked containers and care must be
taken to insure that equipment in which these
solvents are used are designed and operated as
to prevent the escape of such solvents, as a
liquid or vapor, into the workroom.

All personnel occupied with or working near
chlorinated solvents should be particularly care-
ful to avoid breathing the vapors. While the
vapors from some solvents are more toxic than
others, prolongec breathing of the fumcs ran
be injurious to health.

In addition to the breathing hazard asso-
ciated with solvents, thrv also present varying
degrees of fire and expiusion hazards, depend-
ing wpon th¢ material. It is considered that
wulvent cleesners having a flashpoint greater
than 10b° F are relati'cly safe, Those having
flashpcints below 105° F require explosion
proofing of equipment and other special pre-
cautions when using them. (The flashpoint is
the temperature at which the first flash from
the material is seen, as an openflame is passed
back and fnrth over a sam ic¢ of flammable
liquid being heated in a cup.)

Aunther hazard associated with solvents, and
to a certain estent with all .ieaning rterials,
is the effect on the surface or material being
cleaned. Some solvent.: will deteriorate rubber,
syunthetic rubber, asphaltic coverings, cte. This
is such an important consideration tha' it must
alwaye he taken intn account when selccting
cleanin:s materiais. It may do a good job in
removing dirt, gieas, oil, exhaust gas deposits,
ote., hbut may also damage the object heir 2
eleaned or soften an! ruin otherwise good paint
coatings.

3olvent, Drycleaning.-~This material is a
petroleum distidlate commonly used in aircraft
eleanmig. Tt ig furnished in two types, I and II.

69

75

Type 1 material, corivonly known as Stoddard
solvent, has a flashpoint slightly above 100° F.
Type II has a high .- (.afer) flashpoint and is
intended for shipboncd vee.

In naval aviat: ~ n:aintenance, Stoddard sol-
vent (type 1) is used as a general all-purpose
cleaner for notals, painted surfaces, and
fabrics. It ma* '» applied by spraying, brush-
ing, dipping, a..’ wiping. This material is pre-
ferable to ker =zne for all cleaning purposes
because ker’ s« ¢ leaves a light oily film on the
surface.

Mineral § ‘rits.~This is another liquid pre-
troleum dist age which is used as an all-
purpose cleancr for metal and painted surfaces
and as a di't.ng material for emulsion com-
pounds, bt ,. not recommended for fabrics.
Like Stoudara solvent, it may be applied by
spraying, b ushing, dipping, .1 wiping.

Aliph-tic Naphtha.-This iz an aliphatic hy-
drocarbun rroduct used as an alternate com-
pound ‘ur ci-aning acr'ics and for general
cleanir.; . :rpcses that ro uire fast evaporation
and no vema'qing fisn residue, It may be
applied by dipr.inz an i+ *).ug. Saturated surfaces
must not * ~ (un .« vip rously, as it is a highly
volatile anu 21 .. !+ solvent with a flashpoint
below 80° F. Avcir ~raianged breathing and skin
contact. Use in  wel:-ventilated areas only.

Aromatin Mzpliha.~This is apetroleunmaro-
matic distill:t~. ‘this naphtha is a bare-metal
cleaner :ad 15 also used for cleaning primer
coats Ydorce np.olying lacquer. It will remove
oil, -~reas., and light soils. It is also highly
flas 11 1. and reasonably toxic. Avoid pro-
> zei hreathing and skin contact. CAUTION:
Do .. use aromatic naphtha on acrylic sur-
far..; as it will cause crazing.

¢ afety Solvent.-Mecthyl chloroform is in-
tended for use where a high flachpoint and less
toxic solvent than carbon tetrachloride is re-
quired. It is uscd for general cleaning and
srease removal of assembled and disassembled
¢rine components In addition to spot cleaning,
out should not be used on painted surfaces.
Safety Solvent is not suitable for oxygen systems
altacugh it may be uscd for other cleaning in
uliv -onic cleaning devices. It may also be
app: ed by wiping, scrubbing, or booth spraying.
The term Safety Solvent is derived from the high
flashpoiut. Many later issue maintenance
manuals label safety solvent as Trichlorethane
1,1,1,

Methyl Ethyl Ketone (MEK),~This material
is used as a cleaner for bare-metal surfaces.
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It is not miscible to any great extent with water
but is a diluent for lacquers. It is applied with
wiping cloths or soft bristle brushes over small
areas at a time.

WATER EMULSION CLEANERS,-Emulsion
cleaners tend to disperse contaminants into tinv
droplets which are held in suspension in the
cleaner unti! they are flushed from the surface,
Water emulsion compound conforming to M7 .~
C-22543 contains emulsifying agents, couy g
agents, detergents, solvents, corrosio:
hibitors, and water. It is intended for use¢ oq
painted and unpainted surfaces In heavy duty
cleaning operations where milder specification
materials of lower detergency would not be
effective. It Is used in varying concentrations,
depending on the condition of the surface. A
concentration of 1 part compound to 4 parts
water, by volume, IS recommended for heavier
solled surfaces, For mildly soiled surfaces,
the concentration is changed to 1 part compound
to 9 parts water, by volume, Starting at the
bottom of the area being cleaned, apply the
mixed solution by spraying or brushing to avoid
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streaking. Loosen surface soils by a mild brush--

ing or 1nopping and follow with a thorough fresh
water rinse. The automatic shutoff type water
spray nozzle I8 best for rinsing. It gives hand
control from a light mist or fogging spray to a
full spray with high-pressure water.
ALKALINE WATERBASE CLEANING COM-
POUND.-This compound is similar to the water
emulsion cleaner, Itis ageneral purpose cleaner
used to remove light to moderate soils. I* is
a detergent type cleaner composed of weiting
agents and surface active agents. It i8 mixed
in 1 part compound to 9 parts water for light
solls and 1 part compound to 3 parts water for
removing medium solls, It may be applied to
the surface by mopping, wiping, spray equip-
ment, or foam producing equipment, It is gafe
for use on fabrics, leather, glass, ceramics,
and transparent plastics, Follow the previously
described procedure for washingthe aircraft and
rinse thoroughly with fresh water before the
compound dries to prevent streaking,
SOLVENT EMULSION CLEANERS.-This
cleaner, conforming to Specification P-C-444,
is Intended for heavy duty cleaning and should
be used with caution around painted surfaces as
it will soften paint If in contact with the paint
finish very long. It will remove paralketone
and similar corrosion preventive coatings and
should not be used on parts thus protected
unless it is desired that such protective coatings
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be removed. For heavy cleaning, the cleaning
compound is mixed in a concentration of 1 part
compound to 4 parts of drycleaning solvent
(Stoddard solvent)., For lighter duty use, it can
be mixed at a 1 to 9 ratio.

WATERLESS CLEANER,-This compound is
intended for use on painted and unpainted air-
craft surfaces in heavy duty cleaningoperations
where water for rinsing Is not readily available
or where freezing temperatures do not permit
the use of water. It is relatively nontoxic, non-
corrosive, nonflowing gel or cream, and its
detergent properties enable it to be used as an
effective agent for the removal of grease, tar,
wax, carbon deposits, and exhaust stains, It
should not be applied to canopies or other acry-
lic plastic surfaces. It is safe for use as a
waterless hand cleaner,

MECHANICAL CLEANING MATERIALS, -~
Mechanical cleaning materials guch as abrasive
papers, polishing compounds, polishing cloths,
wools, wadding, etc., are avallable in the supply
system for use as needed., However, their use
must be jn accordance with the cleaning proce-
dures outlined in NavAilr 01-1A-509, the specific
aircraft Maintenance Instructions Manual, and
directions supplied with the material beingused
if damage to finishes and surfaces Is to be
avoided, In cases of conflicting Information,
NavAir 01-1A-509 will always take precedence.

Aluminum Ozxide Paper.-Aluminum oxide
paper (300 grit or finer) is available inseveral
forms and is safe to use on most surfaces since
it does not contain sharp or needlelike abrasives
which can embed themselves In the base metal
being cleaned or In the protective coating being
maintained, The use of carborundum (silicon
carbide) papers as a substitute for aluminum
oxlde paper should be avoided, The grain sti-uc-
ture of carborundum is sharp, and the material
is 80 hard that individual grains can penetrate
and bury themselves even In steel surfaces,

Powdered Pumice,-This material issimilar
to Bon Ami which may alsobe used. The pumice
is used as a slurry with water and is applied to
the surface with clean rags and bristle brushes,

Impregnated Cotton Wadding,~Cotton which
has been impregnated with a cleaning material
is used for the removal of exhaust gas stains
and for polishing corroded aluminum surfaces,
It 18 also used on other metal surfaces to prod-
uce a high reflectance,

Aluminum Metal Polish,-Aluminum metal
polish i8 used to produce a high-luster, long-
lagting polish on unpainted aluminum-clad
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surfaces. It is not used on anodized surfaces as
it will remove the oxide coat.

Aluminum Wool.-Three grades of aluminum
wool-coarse, medium, and fine—are stocked for
general abrasive cleaning of aluminum surfaces.

Lacquer Rubbing Compound, Type Ill.-For
the removalof engine exhaust residues and minor
oxidation, lacquer rubbing compound, Type III,
may be used. Heavy rubbing over rivetheadsor
edges where protective coatings may be thin
should be avoided as the coverings may be
damaged most eaily at these points,

Cleaning Equipment

The cleaning of aircraft notonly requires the
use of correct cleaning materials, but also the
use of properly maintained equipment to produce
efficient and satisfactory results. A specific
cleaning arca should be prepared and equipped
for performing cleaning operations.

The choice of equipment depends on several
factors, such as the amount of cleaning that is
regularly performed, the type of aircraft thatls
being cleaned, the location of the activity, and
the availability of facilities suchasair pressure,
water, and electricity.

Several specialized items of equipment are
available for cleaning alrcraft, These include
pressure type tank sprayers, a variety of spray
guns and nozzles, high-pressure cleaning ma-
chines, and industrial type vacuum cleaners.

One of the latest devices for faster and
economical cleaning of aircraft is a swivel type
conformable applicator cleaning kit developed
by the 3M Company. Officially designated Scotch-
Brite Conformable Applicator Cleaning Kit No,
251, it is designed to clean alrcraft exteriors
several times faster than using cotton mops or
bristle brushes.

The applicator head of the cleaning kit is
curved and flexible to conform readilyto convex
and concave aircraft exteriors. A swivel joint
on the back of the applicator head provides
further flexibility. The 5 x 7 inch Scotch Brite
cleaning and polishing pad attaches easily to the
applicator head and provides a more aggressive
and ecfficient scrubbing medium than bristle
fibers. It can be used without fear of scratching
aluminum or painted surfaces.

The swivel and applicator head are attached
to a standard brush handle. The excellent con-
formahility of the applicator allows easier ap-
plication of a constant scrubbing pressure on
curved skin panels and eliminates the need for

(h

77

a maintenance stand to keep brushes in maxi-
mum contact with the surface.

Some larger shnre activities maint .na self-
contained vehicle Flight Line Maiutenance Mas-
ter for use of ail tenant activities. The Fight
Line Maintenance Master is self-propelled and
self-contained. It provides a heated soap solu-
tion with its own water system, It has a 1,000-
gallon capacity and is equipped with an extend-
able boom to accommodate cleaning of high
horizontal and vertical stabilizers.

The cleaning solution is sprayed at high
pressure from the boom or ground level posi-
tions or both positions simultaneously. Control
of the boom and cleaning solution can be made
from the boom or the vehicle cab. The maneu-
verability of the vehicle makes it extremely
efficient in cleaning all exterlor aircraft sur-
faces. Brushing of surfaces can be easily ac-
cemplished by the boom operator. The ground
hose is equipped with a crank rewind and is 50
feet long. The boom is equipped with floodlights
to accommodate nighttime use of the vehicle.
As with other support equipment, the mainten-
ance master should only beoperatedby qualified
and licensed personnel. In some cases special-
ized equipment must be manufactured locally
by the activity, otherwise it is procuredthrough
regular supply channels.

In addition to the specialized equipment men~
tioned above, other items such as hoses, brushes,
sponges, and wiping clothes are required for
aircraft cleaning. These items are procured
through supply.

Items of personal protection such as rubber
gloves, rubber boots, goggles, and aprons should
be worn when necessary to protect clothing,
skin, and cyes from fumes and splashing of
caustic materials.,

Cleaning Methods and Procedures

The first step In cleaning the alrcraft is
selecting the proper cleaning agent for the
method of cleaning to beused. The recommended
type cleaning agent for each method, including
instructions and precautions to be observed in
their use, may be found in NavAir 01-1A-509
and the applicable Maintenance Instructions
Manual for the type of aircraft being cleaned.

The next step is the preparation of the air-
craft for cleaning. Ground the aircraft to the
deck after spotting it In a cool place if possible.
If the alrcraft has been heated while parked in
the sun or areas of the alrcraft are heated as a
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result of operations, it should be cooled before
the start of cleaning by the use of fresh water
washdown, Many cleaning materials will clean
faster at elevated temperatures, but the risk of
damage to paint, rubber, and plastic surfaces
i8 increased by the cleaners which are concen-
trated by the rapid solvent evaporation caused
by the high temperatures, Static electricity
generated by the cleaning operation will be dis-
sipated through the ground wire, Aftersecuring
all the obvious openings such as canopies and
access panels, further secure the aircraft
against entry of water and cleaning compounds
as necessary, Mask cr otherwise cover all
equipment or components that canbe damaged by
moisture or the cleaning agent being used,

WATER RINSE CLEANING, - The water rinse
method {8 recommended as the most efficient
and satisfactory method of cleaning aircraft
when they are only lightly contaminated with
loosely adhering soils and water soluble cor-
rosion products. The aircraft is prepared as
previously outlined, and all materials and equip-
ment that will be required during the cleaning
are ascertained to be on hand and ready for use,
The proper washing procedure to insure com-
plete coverage i8 illustrated and described in
figure 4-3, Apply water by progressing upward
and outward, scrubbing briskly with a long
handled fiber cleaning brush as necessary while
the water is being applied, Do not scruba dried
surface, After scrubbing, rinsethe surface from
the top downward with a high-pressure stream
of water until all the water soluble residues and
loosened 80ils have been completely fiushed off
the aircraft,

WATER EMULSION CLEANING,—The emul-
sion cleaning method is used to clean aircraft
contaminated with oil, grease, or other foreign
matter which cannot be easily removed byother
methods, The aircraft i8 prepared in the same
manner a3 it was for the water rinse method,

Wet down the surface to be cleaned with
fresh water, Apply a concentrated solution of
1 part emulsion compound cleaner to 4 parts of
water to the heavily soiled areas that will nor-
mally require such a strong solution, Scrub
these areas and allow the concentrated solution
to remain on the surface, Limit the size of the
area being cleaned to that size which can be
easily cleaned while keeping the surface wet,

Next apply a diluted golution of emulsion
compound and water, mixed to a ratio of 1 part
emulgion compound to 9 parts water, to the
entire surfacetobe cleaned including those areas

previously covered with the concentrated & 1.
tion, Scrub the surfaces thoroughly and al =
the solution to remain on the surfaces 3-5 min
utes before rinsing, Rinse from the top down-
ward until all soils have been removed, If a
high-pressure stream of water is used for rins-
ing, hold the nozzle at an angle anda reasonable
distance from the surface being sprayed,

If any areas are still not clean, repeat the
operation in those areas only, After rinsing,
the aircraft may be dried with a clean sponge
or cloths to insure against streaking that could
be caused by emulsion cleaning, Normally, if
the aircraft is thoroughly rinsed, streaking will
be held to a minimum,

SOLVENT-EMULSION CLEANING,~-3nlvent-
emulsion cleaning is intended for cleaning
heavily soiled unpainted surfaces and parts and
for use in removing corrosion preventive coat-
ings. The cleaning compound is mixed in acon-
centraiion of 1 part compound to 9 parts of
drycleaning solvent or mineral spirits, The
solution is applied to a water-free surface,
otherwise the water would lessen the solvent
action, Since this cleaner will remove thick
preservative materials, it should be used with
care to prevent unwanted removal of such coat-
ings.

The solution is applied by brush or with a
high-pressure spray using a nozzle that gives a
coarse fan-shaped spray. Scrubthe surface with
a brush as the solution is being applied, Allow
the solution to remain onthe surface long enough
to loosen the soil without drying. Reapply and
rescrub the more difficult soiled areas as nec-
essary, Rinse thoroughly, using a large volume
of fresh water to remove all loosSe soils and
cleaning compound,

SPOT CLEANING,-—Light oily soiled sur-
faces may be spot cleaned by wipingthese areas
with a drycleaning solvent, The solvent i8 ap-
plied with a saturated wiping cloth, Brush or
wipe the surface as necessary then wipe clean
with a dry cloth, removing the solvent residue
and loosened soil, The solvent wipe may leave
a light residue which may be removed with soap
and water followed by fresh water rinsing,

NOTE: Drycleaning solvent should not be
used in oxygen areas or around oxygen equip-
ment, The solvent i8 not oxygen compatible and
will cause explosion and/or fire,

WATERLESS WIPEDOWN,—When water is
not available, neavy soils and operational films
may be removed by using waterless cleaner,
The cleaner is applied by dipping a dampened
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STEP 1

WASH THE UNDERSIDE OF WING, SPRAY-
ING FROM THE CENTER SECTION TO-
WARDS THE WING TIPS. .
MOTE: OPEN DOORS AND FLAPS TO
FLAPWELLS, INTERCOOLERS,
OIL COOLERS, DIVE BRAKES,
SPOILERS, CONTROLLABLE LEAD~
ING EDGES, ETC. TO PERMIT
CLEANING OF HIDDEN AREAS.

STEP 2

WASH THE UNDER SURFACE OF
PUSELAGE AND TAIL SECTIONS
FROM LANDING GEAR TOWARDS
BOTH ENDS AND SPRAYING IN THE
DIRECTION OF MOVEMENT.

MEEER)  OIRECTION OF STEPS

....DIRECTION OF SPRAY
.. SPRAYED AREA

O SIS PSP VOIS SIS PIPIIINIIIII OISO

A STEP 3

WASH THE UFPER SIDE OF WINGS AND

CENTER S5LCTION OF FUSELAGE. DI-

RECT SPRAY INWARD WHILE MOVING

OUTWARD TOWARDS WING TIPS.

NOTE: OPEN COWL FLAPS WHILE
CLEANING.

STEP 4

SPRAY THE REMAINING PARTS OF THE
UPFER SIDE OF FUSELAGE AND TAIL
SECTIONS MOVING FROM CENTER TO
ENDS. ALL AREAS OF THE AIRCRAFT
MUST BE COMPLETELY COVERED BY
THE CLEANING SOLUTICh,

AMS1
Fijrure 4-3,~Aircraft washing procedures,
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cioth into the creamlike waterless cleaning
material and then spreading the material thinly
over the area to be cleaned. Scrub the surface
until the soil and cleaner become intermixed or
emulsified. Allow the material to remain onthe
surface approximately 10 minutes; scrub and
wipe off thoroughly with a clean wiping cloth.
Make sure all soils and cleaning material are
removed, exercising sgpecial care around fas-
teners and unsealed areas. In freezing weather
a dry applicator should be used in lieu of a
dampened one.

Post-cleaning Requirements

Following cleaning, the aircraft should be
relubricated in accordance withthe Maintenance
Requirements Cards. Insure that all low-point
drains are open. Apply aircraft preservatives
as required to those clean, exposed unpainted
surfaces., The types of preservatives are dis-
cussed later in this chapter. Insure that the
felt wiper washers on all hydraulic cylinders
are moistened with hydraulic fluid and that all

exposed strut and actuating cylinder rods are
wiped down with a clean rag saturated with hy-
draulic fluid. Remove any damaged or loosened
sealant and replace in accordance with the ap-
plicable Maintenance Instructions Manual or
Structural Repair Manual, )

Figure 4-4 illustrates the documentation of
a Support Action Form (SAF) utilized to account
for the time spent cleaning an aircraft. The
spaces 1 through 9and A and Bare self-explana-
tory and should be filled in accordingly., For
detailed instructions on the SAF and its uses,
consult Military Requirements for Petty Officer
3 & 2, NavPers 10056-C, or OpNav 4790.2, -

NOTE: If the cleaning i8 done after normal
working hours, on Sat .iay, Sunday, or de-
clared holidays and t'. a~t rity concerned is
required to record m. ‘l1.ou  data, a Manhour
Accounting (MHA) Card .nust be submitted in
addition to the SAF,

USE OF COVERS AND SHROUDS

Each aircraft, when delivered by the manu-
facturer, is equipped with a complete set of

f )
) 2 3 4 ] [ ] T 8 » A 8
ACT wonk M erion | suppont | et | iTens MAN LOCAL
g ORG CENTER l!;ﬂ DATE coot AL | PROC. HOURS CONTROL SIGNATURE
= .
: AT1.3.0] 1100250204 /] 4. . Locert)
-
g N s . o 2
o
'y
N 2
g SUPPORT CODES TYPE MAINTENANCE CODES
s 010 OPERATIONAL SUPPORT A GENERAL SUPPORT
Y E 020 CLEANING / PRESERVATION / DEPRESERVATION C PREFLIGHT INSPECTION
-
‘ 030 (INSPECTION D POSTFLIGHT / DAILY INSPECTION
i 040 CORROSION CONTROL E ACCEPTANCE / TRANSFER INSPECTION
050 GENERAL FUNCTIONS F  TRANSIENT MAINTENANCE
060 BUILD UP AND TEAR DOWN / ENGINE L LOCAL MANUFACTURE
TEST STANG OPERATION T SUPPLY SUPPORT
070 MISSION SHOP SUPPORT U RECLAMATION AND SALVAGE
080 INSPECTION OF AVIATORS EQUIPMENT,
SAFETY AND SURVIVAL FQUIPMENT
090 NCN ~ AERONAUTICAL WORK
03730

AM.6

Figure 4-4,—~SAF documentation for cleaning aircraft.
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tailored dust and protective covers, A typical
get of covers i8 shown in figure 4-5 installed on
an A-6A,

All covers and shrouds should be instalied
in such a manner that free drainage is assured.
Do not create a bathtub which will trap and hold
water. Shrouds or covers may also act as a
greenhouse in warm weather and cause collec-
tion and condensation of moisture underneath.
They should be loosened or removed and the
aircraft ventilated on warm sunny days. Where
protection from salt spray is required aboard
carriers, the covers should be left in place and
the aircrait ventilated only in good weather,
Fresh water condensate will do far lessdamage
than entrapped salt spray.

In emergencies where regular waterproof
canvas covers are not available, suitable cover-
ing and shrouding may be accomplished by using
polyethylene sheet, polyethylene coated cloth,
or metal foil barrier material, all of which are
available in the Navy supply sSystem. These
covers shouldbe held in place with adhesive tapes
designed specifically for severe outdoor applica-
tion, The tapes are also available in supnply.

GROUND HANDLING REQUIREMENTS

Maintenance Instructions Manuals for air-
craft usually provide brief and simple ground

<A
J
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handling procedureg which, if observed, can do
much toward reducing corrosive attack, Little
things like heading the aircraft into the wind
and installing available covers, battens, shrouds,
etc., to keep water, salt, and dirt out of areas
difficult to 2t at and easy to overlook, can save
a tremendous araount of maintenance worklater,

There are many other commonsense prac-
tices which should be observedto minimize paint
damage and the loss of built-in protective sys-
tems during normal ground handling of the air-
craft, Much damage is dore to aircraft paint
films by failure to use the tiedown points pro-
vided, or by passing tiedown cables and lines
over or around supporting structures in such a
manner that the paint finish is worn, chipped,
or broken, especially at sharp edges.

Painted aircraft surfaces will withstand a
normal amount of foot traffic and abrasion by
fuel hoseg and air lines. However, shoe soles
and fueling hoses pick up bits of sand, gravel,
and metal chips and become a coarse abrasive
which 3cratches and scuffs the protective finish
to the point where it is rendered completely in-
effective under shipboard operating conditions,
For this reason, time should be taken to wipe
or brush the sand 6r gravel from shoe soles
before climbing on aircraft,

i)
-/WF/I(IV

/

I

AM.52

Figure 4-5,-—-A-6A dust and protective covers,
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When removing cowling and access plates
during inspections the removed hardware should
not be placed on the deck toblowaround and be-
come gcratched, If it is not practical to provide
pads or cushioning for these components, they
should at least be gecuredto prevent their move-
ment, When using handtools to remove screws
and quick-opening fasteners on the aircraft ex-
terior, particular care should be taken to avoid
Scratching the paint, Five minutes of extratime
spent in careful use of tools could save hours
of paint touchup and corrosion removal work
later,

AIRCRAFT PRESERVATION

The susceptibility of an aircraft to corro-
sion damage is greatest during those periods
when the aircraft is dirty, inactive, or being
shipped. Since aircraft spend more time on the
ground than in the air, even in an active squad-
ron, the need for effective prote¢ntion becomes
apparent,

Suitable protection against corrosive attack
is achieved essentially by placing a barrier be-
tween the cleaned surface that is tobe protected
and any possible gource of moisture, During
manufacture or overhaul of the aircraft, pro-
tective barriers such as electroplate, paint, or
chemical surface treatment are provided. Sur-
faces that cannot be so treated, and in some in-
stances the treosted surfaces themselves, must
be covered with gpeciai corrosion-preventive
compounds, The protectionthese compounds give
is effective only if no moisture, dirt, or active
corrosion is present on the treated surface, It is
essential, therefore, that the aircraft be thor-
oughly clean and dry before a preservative com-
pound 18 applied. 1t is alsonecessarythat an un-
broken film of preservatives be applied in as
moisture-free ai atmosphere as pra‘icable,

Compoundas alone do not provide complete
protection, Tapes, barrier paper, and sealing
devices must also be used to seal off the nu-
merous openings on aircraft which, if allowed
to remain open during long-time storage, would
permit the entry of moisture and dirt, To pro-
vide additional protection against corrosion a
complete moisture barrier is sometimes pro-
vided, Internal areas that have been gealed off
are dehydratedby installing desiccants (moisture
absorbents) to remove entrapped moisture un-
less the cavity is protected with a vaner corro-
sion inhibitor. When any area canno: be geai~d
adequately, provision must be made for ventila-
tion and inoisture drainage,
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When certain installed equipment in 2n air-
craft is not being used regularly, .its compo-
nents are required to be preserved, For exam-
ple, the guns of anaircraft mustbe cleaned after
each firing, The type of oil or other protective
treatment which is to be applied subsequently
depends upon the anticipaied period of idleness
for the guns, '

The requirements for the preservation of
operating aircraft are of the most concern of
a Third or Second Class AME; therefure, this
gection emphasizes the usge of preservative
coatings to supplement paint films, prevent salt
spray and salt water damage to operating air-
craft, and minimize exposure during routine
maintenance and repair,

In maintenance »f aircraft surfaces, under
operating conditions, preservation means sup-
plementing the protection already present, or
providing temporary protection to damaged
areas, by the uge of various protective coatings
and barrier materials, A brief description of
some of the more common materials used in
aircraft preservation and readily available in
Navy stock is included in the following para-
graphs,

Compound. Corrogion-
Preventive, Solvent Cutback

This raterial is familiarly known as “‘par-
alketone,’” 1t is supplied in four grades for
specific upplication, All grades of this compound
may be applied by brush, dip, or spray. They
may be easily removed with Stoddard Solvent
or mineral 8pirits, These materials are designed
for cold application, Some preservative com-
pounds must be appiied hot; therefore, when in-
tending to use one of the grades of this solvent
cutback material, the specification number
(MIL--C-16173) should always be verified.

Grade 1 forms a dark, hard-film, opaque
cover, Its general use is limited becange of the
difficulty in removing aged coatings and also
because of tne hiding power of the material when
it is applied over corroded areas, Thig material
is used only where maximum protection agairst
salt spray is required, Present instructions
generally limit its use to seaplanes and am-
phibiaa surfaces,

Grade 2 is a soft-film, grease type muterial
that can be used on most operating parts. Its
chief disadvantage is the fact that it may be
wasghed off under direct ¢xposure to galt water
or may be removed by inadvertent wiping, 1t
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protects under relatively severe - )4t Ls and, struts, This oil is similar in appearance to, but
given adequate maintenance an'tuu 1w 05 ec- is not interchangeable with, operating hyaraulic
essary, can be uged for most wuxinmun protec- fluid, therefore before using operating hydraulic
tion requirements. fluid (MIL-H-5606) or this preservative oil
Grade 3 is a very light, water dicplacing (M*L-H-6083) for any purpose the specification

preservative, with the ability of penetrating
under surface water and forming a protective
film on the metal, This material is most effcc-
tive in treatment of equipment or componeats
after direct exposure of critical surfaces to
water or firefighting chemicals, or for internal
protection of water-carrying systems. This
grade itself offers only limited protection for
short periods of time and must be supplemented
by frequent mairtenance or heavier materialsas
soon as practicable.

Grade 4 preservative forms lhin, semi-
transparent films through which identification
data can usually be read. It also sets up rela-
tively dry to the touch so that preserved parts
may be easily handled. This grade has proved
particularly effective in protecting wheel well
areas and other exposed surfaces where film
transparency is required and moderate protec-

tive characteristics can be tolerated. The main

disadvantages of this material i3 that it is easily
removed by.water spray and requires replace-
ment at 1-month intervals under severe exposure
conditions.

—

Corrosion-Preventive Petroleum

These preservatives are designedf{or hot ap-
plication and are availableintwo classes—Class
1 (hard film) and Class 3 (soft film). Both con-
sist of corrosion inhibitors in petroleum. They
are removed with Stoddard Solvent or mineral
spirits, Where a hard film is not necessary,
Class 3 should always be used as it is easier
to apply and remove yet renders the same
degree of protection, Class 1 is generally used
for long~time indoor protection of highly finished
metal surfacesandaircraft control cables. Class
3 is used to provide protection of metal surfaces
such as antifriction bearings, shock-strut pis-
tons, and other bright metal surfaces,

Class 1 must be heated to 170° to 200° F
before applying by brush or dip. For brushing
class 3 material, it must be between 60° and
120° F and for dipping, between 150° and 180°F,

Oil, Preservative,
Hydraulic Equipment

This oil is used in the preservation of hy-
draulic systems and components and shock
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number should be checked to ascertain that the
correct oil is being used. The preservative oil
containe oxidation and rust inhibitors, viscosity
improver, and antiwear agents. Hydraulic parts
and components being turned in for screening
and repair are flushed and drip drained with
MIL-H-6083 oil prior to being forwarded.

Designed primarily for hydraulic components
this oil may be used on any bare critical sur-
face that needs protection, Operating hydraulic
fluid will protect a steel panel immersed inwater
for only about 48 hours, The same metal panei
coated with MIL-H-6083 inhibited hydraulic oil
will show 100-percent protection for & period
of 30 days or more,

Lubrication Oil,General
Purpose, Preservative

There are several different types of lubri-
cating oil, some of which contain preservatives.
In order to be absolutely sure that the proper
oil is used in a given situation, each must be
identified with (ts specification number. The
specification number for the oil discussedin this
section is VV-L-800 (supersedes MIL-L-644),

VV-L-800 oil was compounded for lubrica-
tion and protection of piano-wire hinges and
other critical surfaces and whenever a water-
displacing, low-temperature, lubricating oil is
required,

VV-L-800 may be applied, as received, by
brush, spray, or dip methods. It is readily re-
moved with Stoddard solvent or mineral spirits,

Lubricating Oil, General
Purpose, Low Temperature

This general purpose oil (Specification MIL-
L-7870) is suitable for use anywhere thatagen-
eral purpose lubricating oil with low tempera-
ture, low viscosity, and corrosive-preventive
properties is required,

This oil is suitable for brush, spray, dip, or
general squirt-can application, It is not neces-
sary to remove before reoiling or for inspection.

Corrosion Preventive
Compound (MI. -C-81309)

~ This material is a water displacing corro-
sion prevention ~ompoundand lubricsnt, It forms



Q

ERIC

Aruitoxt provided by Eic:

AVIATION STRUCTURAL MFCHANIC F 3 & 2

a thin, clear protective coating when applied by
aerosol, brush, dip, or spray. It affers only short
term protection so must be reapplied frequently,
On exposed surfaces, protectionat itsbest would
be 7 days between applications and upto 30 days
on internal surfaces which are protected from
direct outside environments, It iseasily removed
with drycleaning solvents, Tt is very effective
when used in the following areas: Piano-wire
hinges, removable f{asteners, B-nuts, linkages,
bolts and nuts, ejection seat mechanisms, canopy
locks, control surface hinges, electrical con-
nectors, and microswitches,

Packaging and Barrier Materials

A minimum of packaging is necessary at the
operating activity level, However, critical air-
craft and engine areas require shrouding
against contamination during maintenance and
repair, Fuselage openings require adequate
seals when cleaning and stripping materialsare
used, At least three acceptable barrier mate-
rials are available in Navy stock for sealing and
shrouding large aircraft openings.

WATER-VAPORPROOF BARRIER MATE-
RIAL.—This material is a laminated metal foil
barrier that has good water-vapor resistance
and can be used for closing of intake openings,
for protection of acrylics during cleaning, and
for necessary packaging of removed components
and accessories being returned to overhaul, It
is heat sealable with a solderingor clothesiron,

POLYETHYLENE PLASTIC FILM.~This
barrier material is used for the same purposes
as the metal foil barrier material and s much
less expensive, It is however not puncture re-
sistant, The plastic film is heat sealable only
with special equipment,

POLYETHYLENE COATING CLOTH,-This
cloth is used to a great extent in ground sup-
port equipment covers, Its use« is "relerredover
the plastic film material for ;. eral aircraft
shrouding because of its greater tear and punc-
ture resistance.

TAPE, FEDERAL SV ECIFICATION PPP-
T-60, TYPE 1, CLASS 1.—This pressure-sei-
sitive tape is used for closure of small aircraft
openings and for direct contact use on noncritical
metallic surfaces, The tape has moderate water-
vapor resistance, whichis generally adequate for
maintenance use, The main disadvantage of this
tape is that some rloth-backed mat 'rials have
not been preshrunk, and tape closures tend to
pull loose when exposed to high humidity condi-
tions,
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PRESSUKL SENSITIVE ADHESIVE TAPE.—
This item is a material developed specifically
for- exterior preservation and sealing used in
aircraft maintenance programs. It is designed
for application at temperatures as low as 0°F
and should perform satisfactorily over thetem-
perature range from -65° Fto 140° F. It is an
excellent general purpose tape for exterior pres-
ervation and sealing operations,

CORROSION DETECTION

Tinmely detection of corrosion is essential
to any corrosion control program. Of course
corrosion can be detected after a part fails (if
the aircraft can be recovered), but it is too late
to do anything about if other than to intensify
inspections of other, similar aircraft, Inspec-
tion for corrosion and deterioration should be
a part of all routine inspections, There are, on
every aircraft, certain areas that are more
prone to corrosion thanothers. One shouldcheck
these areas carefully. In order for the corrosion
inspection to be thorough the person inspecting
must know the types of corrosion likely to be
‘ound and the symptoms or appearaunce of each
type. Sometimes corrosion is hidden and special
detection methods are utilized in the search,
Various aspects of corrosion detection are dis-
cussed in the following sections.

LOCATION OF CORROSION
PRONE AREAS

Discussion of corrosion prone areas in this
section includes trouble spots or areas that are
common to all aircraft, For this reason, cov-
erage for any given aircraft model is not nec-
essarily complete, Figure 4-6 illustrates trouble
spots applicable to a reciprocating engine air-
craft, Reference to the Periodic Maintenance
Requirements Cards for specific model aircraft
will enable inspections to be amplified and ex-
panded to the necessary degree,

Exhaust Trail Areas

Both jet and reciprocating engine exhaust
deposits are very corrosive, These depositsare
particularly troublesome where gaps, seains,
hinges, and fairings are located down the exhaust
path and where the deposits may be trapped and
not reached by normal cleaning methods. Inspec-
tion of these surfaces should include special at-
tentior. to the areas indicated in figure 4-7.
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Figure 4-6,—Typical corrosion prone areas on reciprocating engine aircraft,

Inspection procedures should also include the
removal of fairings and access panels located
in the exhaust path,

JATO, Rocket, and Gun Blast Areas

Surfaces located in the path of JATO, rocket,
and gun blasts are particularly subject to cor-
rosive attack and deterioration (fig. 4-8). In ad-
dition to the corrosive effect of the gases and
exhaust deposits, protective f’: .shes are often
blistered by heat, blasted away by high-velocity
gases, or abraded by spent shell casings or solid
particles from gun and rocket exhausts. These
areas should be watched for corrosion and
cleaned carefully after firing operations.
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Battery Compartments and
Battery Vent Openings

Fumes from battery electrolyte are difficult
to contain and will spread throughout the battery
compartment, vents, and even adjacent internal
cavities, causing rapid, corrosive attack on un-
protected surfaces, The external skin area
around the vent openings should also be checked
regularly for the type corrosion. Corrosion
from this cause will continue to be a serious
problem whenever batteries are used.

Lavatories and Galleys
These areas, particularly on the deck be-

hind lavatories, sinks, and ranges, where anilled
food and waste produtts may accumulate, are
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Figure 4-7,—Exhaust trail corrosion poiuts,

likely tronble spots if not kept clean, Even if
some contaminants are not corrosive in them-
sSelves, they may attract and hold moisture,
which in turn causes corrcsive attack. Inspec-
tors should pay attention to bilge areas located
under galleys and lavatories, and to perronnel
relief and was*e disposal vents or openings on
the aircraft exteriors, Human waste pro.ucts
are very corrosive tc the common aircraft me-
tals.

Bilge Areas

A common trouble spot on all aircraft is the
bilge area. This is a natural ccllection point for
waste hydraulic fluids, water, dirt, loose fas-
teners, drill shavings, and other odds and ends
of debris, Oil puddles quite often mask small
quantities of water which settle to the bottom
and set up hidden corrosion cells, Keeping bilge
areas free of all extraneous materials, including
oil, is the best insurance against corrosion,

Wheel Wells and Landing Gear

The wheel well area probably receives more
punishment than any other area on the aircraft,
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THESE AREAS ARE ALSO POTENTIAL
WATER TRAPS ON SOME AIRCRAFT

GAS OUTLET DOOR

AM, 55
Figure 4-8,—Gun b'ast area corrosica points,

It is expr3ed tn» mua, water, salt, gravel, and
other flying debris from rianways during flight
operations and is open to salt water and salt
spray when the aircraft is parked aboard ship.
Due to the maniy complicated stapes, assem-
blies, and fittings in the area, complete cover-
age wilh a protective paint film is difficult to
attain, Because of the heat generated frombrak-
ing, preservative coatings cannot be used on jet
ai-craft landing gear wheels, During inspections,
particular attention should be given the follow-
ing:

Magnesium wheels, especially around bolt-
heads, lugs, and wheel web areas.

Exposed metal tubing, especially at nuts and
ferrules, and under clamps and identification
tapes.

Exposed position-indicator 8switches and
other electrical equipment,

Crevices between stiffeners, ribs, andlower
skin surfaces which are typical water anddebris
traps,

Water Entrapment Areas

Design specifications require that aircraft
have drains installed in all areas where water
may collect. However, in many cases these
drains may not be effective, either due to im-
proper location or because they are plugged by
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sealants, extraneous fasteners, dirt, grease, and
debris, Daily inspection of drains should be a
standard requirement, especially abcard ship,

Wing Fold, Flap, and
Speed Brake Recesses

Flap and speed brake recesses are potential
corrosion problem areas mainly because they
are normally closed when on the ground, Dirt
and water may collect and go unnoticed, Wing
fold areas present a different problem and, like
wheel wells, contain many complicated shapes
and assemblies which are difficult to cover with

a protective paint coating or preservative film,

Wing fold areas are extremely vulnerable to salt
spray when wings are folded aboard ship.
Thorough inspection of this area should include
a mirror check of the back sides of tubing and
fittings, Also, particular attention shouldbe naid
to aluminum alloy wing lock fittings such asare
used on some current aircraft models,

External Skin Areas

Most external aircraf: surfaces are ordi-
narily covered with protective paint coatings
and are readily visible or available for inspec-
tion and maintenance, Evea here, certain types
of configuration or combinations of materials
become troublesome under shipboard operating
conditions and require special attention if seri-
ous corrosion difficulties are to be avoided.

Magnesium skin, when painted over, is not
visibly different from any other painte: metal
surface, However, those surfaces which are o!
magnesium are identified in the applicable
Structural Repair Manual, When aircraft con-
tain magnesium skin panels, these mustbegiven
special attention during inspections for corrn-
sion, Some current aircraft have ste~l fastensrs
installed through magnesium skin wir* only pro-
tective finishes under the fastener ':~.ads or tapes
over the surface for insulation, ia addition, al’
paint coatings are thin at trim:.:’ :iges and
corners, These conditions, coupled =ith magne-
sium’s sensitivity to salt water attack, make up
a poiential corrosion problem whenever magne-
sium is used. Therefore, any ingpectionfor cor-
cosion should include the location andinspection
of all magnesium skin surfaces, with special at-
tention to edges, areas around fasteners, and
cracked, chippe. or miissing paint,

Corrosion of spot-welded skins is chiefly
the result of the entrance and entrapment of
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corrosive agents between the layers of metal,
(See fig., 4-9.) Some of the corrosion may be
caused originally by fabricating processes, but
its progress to the point of skin bulging and spot-
weld fracture is the direct result of moistureor
salt water working its way in througl open gaps
and seams, This type of corrosion is first evi-
denced by corrosion products appearing at the
crevices through wuach the corrosive agents
entered, Co  ~osion mayv appear at other external
or internal faying (closely jcined) surfaces, but
is usually more prevalcnt on external areas,
More advanced corrosive at! -~k causes skin
buckling and eventual spot-w " fracture, Skin

buckling in its early stages ma; ..~ . *ected by
sighting along spot-welded seam: ¢ using a
streightedge,
Pians, .2 Hinges

Figu. e - 10 illustrates the efiect v oo L on-
sion on tre i n0-wire type hinge~ 323 ot i
aircraft. ;.. . ¢ are notonly prime < 8 -1 Cus-
rosion due .+ oo dissimilar mets? contact be-
tween the :ieel .:1 and aluminuin hinge tangi.
but are siag uztural traps icr dirt, =l

and moistu:~ When this type of hinge isusedi un
access doo-s and plates which are opened .y
during periodic ingpcctions, they tend to freges
in pizce between irgpections, The ingpection for
corrosion of {hege hinges should include lubrica-
tion and actuaticr thiough several cycles to in-

sure complete penetration of the lubricanl,

COWROSIVE AGENTS ENTER
AT IINSEALED SKiN EDGES

SPOT WELD

ey

SFOT WELD

\\(««7(«;(«\(\\

N
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CORROSIYE AGENTS TRAVELr
BETWEEN SKINS, AROUND
RIVETS AND WELS

CORROSION T IILC-UP CAUSES
BUCKLING OF QUTER SKIN

AM, 56
Figure 4-9,—Spot-welced sii:. corrosion points,
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Figure 4-10,—Hinge corrosion points,

Ejection Seats

Aboard ship, galt spray is admitted into most
cockpit areas when the canopies are opened for
respotting of aircraft, maintenance, or to ac-
commodate the manning of ready alert aircraft,
etc. While the cockpit and ejection Seats are not
considered as corrosion prone as some other
areas, they are subjectedtoacorrosive envirce-
ment and require constant attention along wit.
other parts of the aircraft, The construction,
location, and difficulty encountered inthoroughly
inspecting and cleaning the ejection seat while
it is installed in the aircraft, along with the
lengthy time between aircraft inspections that
require seat removal, could result in the ejec-
tion seat becoming severely corroded if not
given adequate attention, The possibility that
slight corrosion could render the seat inoper-
able must not be overlooked. The Maintenance
Requirements Cards for the ejection seats re-
quire that every portion of the seat be checked
thoroughly for corrosion when it is removed
from the aircraft during calendar/periodic in-
spections, Additional emphasis i€ usually given
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to the ultra-high-strength steel parts ofthe seat,
Worn pa‘nt finishes and those showing sigr s of
superficial corrosion should be given immediate
attentior in accordance with the applicable Main-
tenanc. Instructions Manual, Cockpit fasteners
should be replaced whr >ver there is evidence
of corrosion. Bright n. tal tasteners should be
touched up with dull black paint to prevent
cock it glare,

APPEARANTE OF CORRODED PARTS

One of the r-oblerns involved in corrosion
contro. is recognizing corrosion products wten
they occur. The following paragraphs incluac
brief cescri tions of typical corrosion product
charccteristics of the more common materials
of aircraft constiuction, Photcgraphs of typical
corroded surfaces are provided in NavAir
01-1A-309 and reference to that publication will
enable maintenance personnel to become more
fan.il’:r with and be able to identify corrosion
in its various stage:.

Iron and Steel

Possibly the vest known and easiest recog-
nized of all forms of metals corrosion is the
familiar redd.sh co. ved iron rust, When iron
and its alloys corrode, da k iron oxide coatings
usually form first, aad these coatings, such as
heat scale on steel .heet tlock, may protectiron
surfaces rather _fficici:'y, However, if sv’-
ficient oxygen wud moisture are present, the
iron oxide is soon ronverted to hy“i-ated ferric
oxide, which is tie conventional red rust,

Aluminum

Aluminum and .- alloy . cxhibit{ a wide range
of corrosive attack, varying fromgeneral etck'ng
of the surfaces to penetrating attacks along the
internal grain boundaries uf the .etal.Thecor-
ros.on products ure deen as white to gray
powdery deposits and . i re volun:innusg than the
original metal. 'n its carly stages, aluminum
corrosion is evident as general etching, pitting,
and roughness of the surface, The surface attack
progresses quite sl wly at first; haowever, it
will be accelerated if corroding mat :rial is not
given immediate attention.

Paint coatings tend to mc .k evidence of ¢ .-
rosion, but the fact that the :orrosior produc:s
are more voluminous will result in corrnsion
showing up as blisters, flakes, chips, lum 3, or
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o'tor irregalarities in the paint coating. Often
w:iie or gray streaks of corrosion products will
become : -adily apparent at breaks in the paint
film., Any such indications should result in
further investigation to deterniine the extent that
cor.csion has progressed.

Magnes.um and Its Alloys

Iy agnesium corrosir products are white and
guite large compared to the size ofthebase me-
tal bemng corrodew. The deposits have atendency
to —aise slightly and the corrosion spreads
rapidly, When white puffy areas are discovered
on magnesium it requires prompt attention as
the corrosion may penetrate entirely throughthe
structure in a very short time,

Copper and Copper Alloys

Copper and its alloys are generally corro-
sion resistant, although the products of corro-
sive attack on copper are commonly known,
Sometimes copper or copper alloy surfaces will
tarnish to a dull gray-green color and the sur-
face may still be relatively smooth. This dis-
coloration is the result of the formation of a
fine-trained, airtight copper oxide crust, called
a patina, This patina in itself offers good pro-
tection for the underlying metal in ordinary
situations, However, exposure of copper and
copper alloys to moisture or saltspray will
cause the formatiou of blue or green salts in-
dicating active corrosion, These salts will form
over the patina sincethis crust is not impervious
to water (not moistureproof), Copper alloys used
in aircraft generally havea cadmium-plated fin-
ish to prevent surface staining and deterioration,

Cadmium and Zinc

Cadmium, particularly, is used as a coating
to protect the part to which it is applied and to
provide a compatible surface when the part is
in centact with other materials. The cadmium
plate supplies sacrificial protectiontotheunder-
lying metal because of its greater activity, That
ig, during the time it is protecting thebase me-
tal, the cadmiumis intentionally being consumed,
It functions in the same way that anactive mag-
nesium rod inserted inthe water system protects
the piping of a hot water heater, The cadmium
becomes anodic and is attacked first, leavingthe
base metal frec of corrosion. Zinc coatings are
used for the same purpose,buttoalesser extent
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in aircraft, Attack is evident by white to brown
to black miottling of the cadmium surfaces, These
indications DO NOT indicate deterioration of the
base metal, Until the characteristic colors pe-
culiar to corrosion of the base metal appear, the
cadmium is still performing its protective func-
tion, Wire brushing or removal of the mottled
areas of cadmium merely reduces the aniount
of cadmium remaining to protect the underlying
structure.

Nickel and Chromium Alloyvs

These metals are akso used as protective
agents, both in the form of electroplated coat-
ings and as alloying constituents with iron in
stainless steels., Nickel and chromium plate
protect by forming an actual physical noncor-
rosive barrier over the steel. Electoplated
coatings, particularly chromium on steel, are
somewhat porous, and corrosion eventually
starts at these pores or pin holes unless a sup-
plementary coating is applied and maintained,

Titani ..n

Titanium is becoming more commonly used
in aircraft construction. 1t is a highly corro-
sion-resistant metal, but it may show some sur-
face deterioration from the presence of salt
deposits and other impurities, particularly at
higher temperatures, Corrosion products appear
as minute surface cracks. When used with other
metals, insulation must be used to prevent dis-
similar metal attack on the other metals.

FORMS OF CORROSION

Corrosion may occur in several forms, de-
pending upon the metal involved, its size and
shape, its specific function, atmospheric condi-
tions, and the cerrosion-producing agents pres-
ent, Those described in this section are the
more common forms found on aircraft struc-
tures. Corrosion has been cataloged and typed
in many ways, ltor descriptive purposes, the
types are discussed here under what is con-
sidered the most commonly accepted titles.

Dircct Surface Attack

The surface effect produced by the direct
reaction of the metal surface with oxygen in the
air is a uniform etching of the metal, The rust-
ing of iron andsteel, the tarnishing of silver, and
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the general dulling of aluminum surfaces are
common examples of gurface attack, On alumi-
num sgurfaces if such surface attack is allowed
to continue unabated, the surface will become
rough and eventually frosted in appearance,

Pitting Corrosion

The most common effect of corrosion on alu-
minum and magnesium alloys is called pitting.
It is due primarily to the variation in structure
or quality between areas on the metal surface
in contact with a corrosive environment, Pitting
corrosion 18 first noticeable as a white or gray
powdery deposit, similar to dust, whichblotches
the surface. When the superficial deposit is
cleaned away, tiny pits or holes can be 3ecn in
the surface, They may appear as relatively
shallow indentations or deep cavities of small
diameter, Pitting may occur in any metal, but it
is particularly characteristic of aluminum and
magnesium,

Crevice Attack or
Concentration Cell

Concentration cell corrosion is actually a
form of pitting corrosion which is caused bythe
difference in concantration of the electrolyte or
the active metal at the anode and cathode, When
there 18 concentration differences at two differ-
ent points in an entrapped pool of wateror clean-
ing solution, anodic and cathodic areas may re-
sult, and the anodic area will be attacked. Figure
4-11 lustrates the theory of concentration cell
corrusion. This type of attack is generally de-
tected where there are crevices, scale, surface
deposits, and/or stagnant water traps. This type
corrosion is controlled and prevented by keeping
areas cleaned, by eliminating the possibility of
water accumulation, by avoiding the creation of
crevices during repair work, and by elimination
of any existing voids which may become waier
traps by the use of approved sealants and caulk-
ing compounds,

Intergranular Attack
Including Exfoliation

Intergranular corrosion is an attack on the
grain boundaries of some alloys under specific
conditions, During heat treatment, these alloys
are heated to a temperature which dissolves the
alloying elements, As the metal cools, these ele-
ments combine to form compounds; and if the
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Figure 4-11,—Concentration cell corrosion,

cooling rate is slow, they form discriminantly
at the grain boundaries, These compounds differ
electrochemically from the material adjacentto
the grain boundaries and can be either anodicor
cathodic to the adjoining areas, depending on
their composition, The presence of an clectrolyte
will resul: in attack of the anodic area. This
attack will generally be quite rapidand canexist
without visible e /idence.

As intergranular corrosion progress to the
more :dvanced #.ages, 't reveals itseifby lifting
up the gurface grain of tb : 1aetal bythe force of
expanding corrosinn pr.uucts occurring at the
grain boundaries  .stbelow the surface, This ad-
vanced attack is ; 2ferred (0 as EXFCLIATION,
and its recognition by corrosior personnel and
immediate action o correct such serious corro-
fion is vital to aircraft safety. The insidious na-
ture of such an attack can seriously weaken
structural members before the volume of corro-
sion products accumulate on the surface andthe
damage becomes apparent.

Metal that has been properly heat-treated is
not readily susceptible to intergranular attack;
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however, susceptibility can develop from local-
ized overheating, suchas couldoccur from weld-
ing, fire damage, etc, If the intergranular attack
has not penetrated too far and sufficient struc-
tural strength remains, corrective procedures
as outlined in the applicable Structural Repair
Manual could restore the aircraft to a flight
status.

Whenever intergranular corrosion isevident
or suspected, it should be immediately brought
to the attention of senior personnel who can ini-
tiate appropriate action,

Dissimilar Metal Corrosion

Calvanic or dissimilar metal corrosion is
the term applied to the accelerated corrosion
of metal caused by dissimilar metal being in
contact in a corrosive medium such as salt
spray or water,

Dissimilar metal corrosion is usually a re-
sult of faulty design or improper maintenance
practices which result in dissimilar metals
coming in contact, It is usually recognizable by
the presence of a build-up of corrosion at the
joint between the metals, For example, alumi-
num and magnesium materials riveted together
in an aircraft wing form a galvanic couple if
moisture or contamination is present, When
aluminum vieces are attached with steel boltsor
screws, galvanic corrosion canoccur aroundthe
fasteners.,

Aircraft manufacturer’s utilize a variety of
separating materials such as plastic tape, seal-
ant, primer, washers, lubricants, etc,, to keep
these matals from coming in direct contact and
thus keep corrosion to a minimum, It is imper-
ative that these separating materials remain
intact or are replaced, restored, or repairedas
necessary throughout the life of the aircraft,

Since some metals are more active than
others, ‘he degree of attack will depend on the
relative activity of the two surfaces in contact,
In any case, the more active or easily oxidized
surface becomes the anode and corrodes, In
plated metal poseibility of dissimilar metal
corrosion becomes a factor only ifthere are de-
fects in the plating, which would allow moisture
penetration and subsequently the forming of a
galvanic cell,

Stress Corrosion

Siress corrosion, evidenced by cracking, is
caused by the simultaneous effects of tensile
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stress and corrosion, Stress may be internal or
applied, Internal stresses are produced by non-
uniform deformation during cold working, by
unequal cooling from high temperatues during
heat treatment, and by internal structural re-
arrangement involving volume changes, Stresses
set up when a piece is deformed, those induced
by press and shrink fits, and those inrivets and
bolts are examples of internal stresses. Con-
cealed stress is mcre important than design
stress, especially because stress corrosion is
difficult to recognize before it hasovercomethe
design safety factor, The magnitude ofthe stress
varies from point to point within the metal.
Stresses in the neighborhood of the yield strength
are generally necessary to promote stress cor-
rosion cracking, but failures have occurred at
lower stresses,

Fatigue Corrosion

Fatigue corrosion is a special kind of stress
corrosion and is caused by the combined effects
of corrosion and stresses applied in cycles to a
part, (NOTE: An example of cyclic siress isthe
alternating loads to which the reciprocating rod
on the piston of a hydraulic, double-acting ac-
tuating cylinder is subject, During the extension
stroke a compression load is applied andduring
the retracting or pulling stroke, a tensile or
stretching load is applied.) Damage from fatigue
corrosion is greater than the combined damage
of corrosion and cyclic stresses if the part was
exposed to each separately, Fracture of a metal
part due to fatigue corrosiongenerallyoccurs at
a stress far below the fatigue limit in a labora-
tory environment, eventhoughthe amount of cor-
rosion is unbelievably small. For this reason,
protection of all parts subject to alterrating
stress is particularly important wherever prar-
tical, even in environments that are only mildly
corrnsive,

Fretting Corrosion

Fretting corrosion is a limited by highly
damaging type of corrosion caused by a slight
vibration, friction, or slippage betweentwo con-
tacting surfaces which are under stress and
heavily loaded, 1t is usually associated with
machined parts, such as the area of contact of
bearing surfaces, two mating surfaces, and
bolted or rivited assemblies, At least one ofthe
surfaces mustbe metal, Infretting corrosion, the
slipping movement at the interface of the
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contacting surface destroys the continuity of the
protective [ilms that may be preseat on the
metallic surface. This action: removes fine
narticles of the basic metal. The particles
oxidize and form abrasive materials which
further agitate within a confined areato produce
deep pits. Such pits are usually so located as
to increase the fatigue failure potential of the
metal. Fretting corrosion is evidenced at an
early stage by surface discoloration and by the
presence of corrosion products in any lub-
rication present. Lubrication and securing the
parts so that they are rigid are the most effec-
tive measures to prevent this type of corrosion.

Filiform Corrosion

Filiform corrosion is threadlikefilamentsof
corrosicn known as underfilm. Metals coated
with organic substances, such as paint films,
may undergo this type of corrosioi.

Filiform corrosion occurs independent of
light, metallurgical factors in tae steel, and
bacteria, but takes place only in relatively high
humidity, 65 to 95 percent. Although the thread-
like filaments are visible only under clear
lacquers or varnishes, they also occur with some
frequency under opaque paint films. Filiform
corrosion can occur on steel, zine, aluminum,
magnesium, and chromium plated nickel.

Microwfological Corrosion

Micro-organisms contaired i sea water can
be introduced into fuel systems by contaminated
fuel. These fungus growths attack the sealing
material used on integral fuel tanks. Under
certain conditions, they can cause corrosion of
alaminum probably by aiding in the formation of
concentration cells. Residvcs resulting from
biological growth tend to clog fuel filters, and
coat fuel capacity probes, giving erroneous fuel
quantity readings.

SPECIAL DETECTION METHODS

A varicty of nondestructive ingpection meth-
ods may be utilized by the structural mechaaic
in detecting flaws in metal. Special methods to
detect intergranular corrosionusing ultrasonics
and eddy current principles familiar to some
specially trained senior structural mechanics
have been developed. Knowledge of these more
sophisticated methods is not required at the
AME 3&2 petty officer level. Any time there is
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even the slightest concern over the extent of
intergranular corrosion damage or suspected
damage, these specially developed methods
should be conducted by qualified personnel.

AME 3 & 2 personnel are required to have
knowledge concerning the variety of penetrant
inspections used to detect various types of dis-
continuities which are open to the surfiace of
the material. Penetrant inspections prcvide a
quick and reliable means of detecting such flaws
and are guitable for detecting the depth of
intergranular cracks or other general defects.

The various types and methods of inspec:tinns
are suitable for locating almost any type of
defect open to the surface on a variety of non-
absorbent materials such as, ferrous and non-
ferrous metals, ceramics, hard rubber, plastic,
and glass.

The following section will provide basic
coverage on the types and methods of penetrant
inspection, general inspection procedures, and
interpretation of results. Complete and detailed
coverage necessary for a thorough understanding
of the penetrant methods of inspection is pro-
vided in NavAir 01-1A-16, Nondestructive In-
spection Methods, Technical Manual. Tests on
critical aircraft components require a thorough
knowledge of all material included inthat section
of the manual for the specific test being conducted
to insure proper testing and interpretation.

PENETRANT INSPEC TIONS

Penetrant inspection is a nondestructive test
for defects open to the suriace in parts made of
any nonporaus material. Penetrant inspection
depends 1or its success upon a penetrating
liquid entering the surface opening and remain-
ing in that opening, making it clearly visiblefor
the operator. It calls for visual examination of
the part by the operator after it has been
processed, but the visibility of the defect is
increased so that it can be detected. Visibility
of the penetrating material is increased by the
addition of dye which may be either oue of two
types~visible or fluorzscent.

The main disadvantage of penetrant inspec-
tion is that the defect mustbeopento the surface
in order to let the penetrant into the defect. For
this reason, if the part in question is made of
material which is magnetic, the magnetic par-
ticle inspection or X-ray is generally recom-
mended. It is also essential that there be no
contaminant within the defect which might either
prevent the penetrant from entering or which
may reduce its visibility.
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The materials used in the visible dye pene-
trant inspection are available in aviation supply
stock in the form of a complete inspection Kit.
In~luded in the kit are the following items: two
spray cans of penetrant, dye remover-emulsi-
fier, and developer. For replenisiment pur-
poses, these materials are (.so available as
individual items. The chemicals are available
in ordinary containers foer use when dipping or
brushing is desired.

The fluorescent inspection materials and
equipment are also furnished in kit form. The
complete cquipment is contained in a metallic
carrying case. Included are the following items:
penetrant, penetrant cleaner, penetrant deve-
loper (bothpowder and suspension types), dauber
for applying powder, and a black light (ultra-
violet) assembly comiplete with power trans-
former. The chemicals may Ye replenished
individually from aviation supply stock.

General Inspection Procedure

First of all, the part to be inspected must
be clean. This includes the removal of surface
dirt, scale, paint, and oil, as well as removing
any muaterials or compounds that might fill or
cover the defects. If the part hasbeen in contact
with water it may be possible to heat the part
slightly to evaporate the water.

Penetrant is then applied to all surfaces.
This may be done by dipping, flow-on, brushing,
or spraying. It is inmportant that all suspect
areas be wet with penetrant, The penetrant must
be allowed to remain on the part for a period of
time called the penetration (dwell} time. This
allows the penetrant i seek and fill surface
openings. The lergth of the penetration time
varies with the process and techniques used,
the matcrial of which the part is made, and the
types of defects present.

The excess surface penetrant is removed
from the part by means o. a forceful water
spray. This operation does not remove the
penetrant from deep defects butdoes removethe
penetrant on the surface.

A developer is then applied tothepart before
inspecticn. The function of the developer is to
biot back to the surface the penetrant that is
entrapped in fissures or defects in the part.
The developer should be allowed to remain on
the part for a time before inspection for defects.
This elapsed time is to allow the developer to
bring back to the surface and magnify thetraces
of vznetrant. Some typesof defects in some parts
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may be detectable without the useofadeveloper,
but for consistent and positive results, current
instructions recommend that adeveloper always
be used. A drying operation is necessary which
increases the effectiveness of the method and,
depending upon the type of developer used,
either dries the wet developer or prepares the
part for the application of the dry developer.

After the proper developing time has elapsed,
the part is ready for inspection. If the penetrant
used has a fluorescent dye in it, the inspection
must be performed in a davkened area and under
black light. If the penctrant used has visible
dye, then inspection can be performed under
ordinary lighting conditions.

All traces of the developer should be re-
noved from the part before it is recturned to
service.

Types of Processes

There are two types of penetrant inspection
processes. Type I employs the use of fluorescent
penetrants, and Type II processes employ the
use of visible dye penetrants. Within each type
there are three methods, which are referred to
as methods A, B, and C. Each method within a
type uses a specific group of materials. Table
4-1 lists the types and methods of penetrant
inspection and their related group of materials.

Group 1 through group III penetrants are
visible dye penetrants containing dyesthat make
them readily visible when exposed to natural or
artificial white light. Penetrants in group I are
removed by wiping with a cloth dampened by a
specially prepared compatible solvent supplied
with the portable penetrant kit. Penetrants in
group T are water washable (for removal) after
applicatior of an emulsifier. This two-step
process makes group IIpenetrants more suitable
for detecting wide, shallow defects. Group II
penetrants are referred toas post-emulsifiable
penetrants. Group Il penetrants contain an
emulsifier which makes them water washable
as furnished.

Group IV through VII penetrants contain dyes
which will fluoresce (glow) when exposed to
black light. Group IV penetrants contain an
emulsifier which makes it water washable as
furnished. Groups V and VI are water washable
aftex applica*ion of an emulsifier the same as
group II. Group VI! penetrants are removed by
wiping with a solvent-dampened cloth the same
as group I.
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Table 4-1. —Penetrant inspection types, methods, and material groups.

]
MIL-I-25135 |

po TITSITILIIIZIILIIT tTmnano o

Type Method Pegest:émt Material Faniily of Items in Group
Group Used
1 A Water-washable Group IV °* Consists of a water-washable
fluorescent dye. fluorescent penetrant and a
dry, wet, or nonaqueous wet
_____ | T | - developer. o
I B ! Post-emulsifiable Group V Ccensists of a post-emulsifiable
fluorescent dye. fluorescent penetrant, an
emulsifier, and a dry, wet or
nonaqueous wet developer.
] {777 7T "GroupVI | Consists of a high-sensitivity
post emulsifiable fluorescent
penetrant, an emulsifier, and
a dry, wet, or nonaqueous
L wet developer.
I C Solvent-removable Group VI Consists of a solvent-remov-

fluorescent dye. able fluorescent penetrant, a
' penetrant remover (solvent)
| and a nonaqueous wet devel -

oper.
o A Water-washable Group IIT ‘ Consists of a water-washable
visible dye. visible dye penetrant and a
dry, wet, or nonaquesus wet
developer.
a B Post-emulsified Group II Consists of a post-emulsifi-
visible dye. able visible dye penetrant,
an emulsifier, and a dry, wet,
or nonaqueous wet developer.
a C Solvent-~-removable Greug I Consists of a solvent-remov-

Visible dye : able visible dye penetrant, a
penetrant remover (solvent),
and a dry, wet, or nonaqueous
wet developer.

Selection of Inspection Process 5. Number of parts to be tested.
6. Facilities and equipment available.
The selection of the best type of penztrant in- 7. Effect of the penetrant chemicals on the
spection suitable for the job at aand will depend mzterial being tested.
on several factors ag follows: TYPE I, METHOD A, INSPECTION PROC-
1. Previously established requirements ESS.—This method lends itself to inspecting
specified on documents requiring the inspec:ion. large volumes of parts, large areas, rough sur-
2. Penetrant sensitivity required. faces, and threads and keyways. It is the rec-
3. Surface condition of the part. ommended type/method to be used when:
4, Configuration of the part. 9 4 Discontinuities ‘are not wider than their depth.
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The lowest fluorescent penetrant sensitivity
is sufficient te detect the defects inhierent to the
part.

Removal of excess penetrant may be difficult
due to rough surfaces on the part.

Sulfonates in the emulsifying agents will not
affect nickel bearing steels.

NOTE: This method is not recommended for
detecting extremely fine intergranular corrosion
or stress corrosion defects.

The water-washable fluorescent dye pene-
trant used in this type/method insuresgoodvis-
ibility of flaw patterns and can be easily washed
off with water. Since it is considered aone-step
process, it is fast and economical intimeand is
relatively inexpensive to perform. Thisprocess
is not reliable in finding scratches and shallow
discontinuities as the penetrant is susceptible
to overwashing. It is not reliable on anodized
surfaces, and the penetrant can b affected by
acids and chromates.

Following precleaning and drying, the water-
washable fluorescent penetrant is applied to the
surface being inspected by dipping, flow-on,
spraying, or brushing methods. After the pre-
determined dwell time, it is flushed from the
surface with a low-pressure (20-30 psi) spray
of cold water. The developer is then appliedand
will causz the penetrant to bleed from any dis-
continuities or defects, and these flaw indica-
tions will become visible when exposed to tlack
light.

TYPE I, METHOD B, INSPECTION PROC-
ESS.—This method is used when inspectinglarge
volumes of parts which may have defectsthatare
contaminated with i~=ervice soils or that may be
contaminated with acids or other chemicalsthat
will harm water-washable penetrants. It :s the
type/method recommended for usc when:

A higher sensitivity than that offered by Type
I, Method A, is required.

Discontinuities are wider than their depth.

Inspecting parts for stress cracks, inter-
granular corrosion, or grinding cracks.

Variable, controlled sensitivities areneces-
sary so that nondetrimental discontinuities can
be disregarded while harmful or detrimental
ones can be detected.

The group V peictrant used with this type/
method is more sensitive than the group IV pen-

etrant of Type I, Method A; however, the group .

VI penetrant used with Type I, MethodB, is more
sensitive than group V.
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NOTE: Only group VI materials are usedfor
inspecting for stress cracks or intergranular
corrosion.

The fluorescent penetrant used in this proc-
ess is more brilliant than other processes and
affords greater visibility when exposed to black
light. For ficld use where light exclusion is not
always possible, it provides the greatestdegree
of brilliance.

The Type I, Method B, process ishighly sen-
sitive to fine defects and is also good on wide,
shailow defects. The penetrant washes casily
after emulsification and the penetrant is not as
susceptible to overwashing. Since it is con-
sidered a two-step process, because of the
emulsifier, it is slower than Type I, Method A.
The process is not as good on rough surfaces,
keyways, or threads; and because of the extra
materials used in the inspection, it is slightly
more eXpensive.

Followirg precleaning and drying, the post-
emulsifiable fluorescent penetrant is applied to
the surface being inspected. After being allowed
to dwell for the predeterminedtime, the emulsi-
fier is applied. The emulsifier combines with the
penetrant andiswater washable. The excess pen-
etrant is then removed using alow-pressure (30
to 40 psi) spray of cold water. The part is then
thoroughly dried and the developer applied. The
penetrant is then drawn to the surface and any
fla-w indications will become apparent as abril-
liant greenish-yellow color when exposed to
black light. The sensitivity of this process can
be controlled by the type of penetrant used,
dwell time, emulsifying time, rinsing technique,
and drying temperature and time.

TYPE [, METHOD C INSPECTION PROC-
FSS.— This method is used for spot inspection
on large or small parts where the water rinsing
method is not feasible because of part size,
weighi, surface conditions, an lack of water, or
there i- no heat for drying o= fielduse. The use
of solvent required to remove the penetrant pro-
hibits this process in inspecting .arge areas. Its
sensitivity can also be reduced by the applica-
tion of excessive amounts of peneirant remover.

Following precleaning anddryi~g, ihe solvent
removable fluorescent penetrantis appliedto the
surface being inspected by dipping, flow-on,
spraying, or brushing methods. After the pre-
determined dwell time, it is then removed with
the solvent remover. The part is thoroughly
dried and developer is applied. Penetrant will
bleed from any discontinuities or defects and
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the flaw indications will be apparent when ex-
posed to hlack light.

TYPE II, METHOD A, INSPECTION PROC-
ESS.—~This process is utilized for inspection
surfaces when the circumstances described for
Type I, Method A, exist and a fluorescent dye
penetrant is not necessary. A black light is not
needed; therefore, the work area need not be
darkened. The processis relatively inexpensive,
highly portable, excellent for spot checking, and
can be used on anodized parts. The penetrant is
easily washed off with fresh water.

Following precleaning and drying, the water-
washable visible dye penetrant is applied by
dipping, flow-on, sprayirg, or brushing methods.
After the predetermined dwell time, it isflushed
from the surface with a low-pressure spray of
water and the surface is dried. The apolication
of developer then draws out penetrant leftin any
discontinuities or defects, and theseflaw indica-
tions should appear clearly against the whitede-
veloper background. The indications can be
easily seen in natural or artificial light.

TY?T I, METHOD B, INSPECTION PROC-
ESS.—7nis method s used when a higher sen-
sitivity than that afforded by Type II, Method A,
is required. It is used when inspecting large
volumes of parts, parts that are contaminated
with acid or other chemicals that will harm
water-washable penetrants, parts which may
have defects that are contaminated with inserv-
ice soils, and for inspecting finished surfaces
and other general purpose applications.

The materials in this process are the most
sensitive of the visible dye penetrant inspection
methods; however, it is not recommended for
detecting extremely fine intergranular corro-
sion or siress corrosion defects.

Following precleaning and drying, the post-
emulsifiable visible dye penetrant is applied to
the surface being inspected by dipping, flow-on,
spraying, or brushing methods. After thisgroup
II penetrant is allowed to dwell for a predeter-
mined time, the emulsifier is applied. The emul-
sifier combines with the penetrant, which be-
comes water washable. The excess penetrant is
then washed off using alow-pressure (30-40 psi)
spray of cold water. Application of the desired
developer will tihien draw out and absorb the in-
tense red penetrantfrom the discontinuityto pro-
vide a clear indication against the white de-
veloper background.

TYPE II, METHOD C, INSPECTION PROC-
ESS.—This method is used when spot inspection
is required and where water rinsing is not
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feasible. The use of solvent in removing the pen-
etrant prohibits inspection of large areas and
the process is not adaptable for detecting ex-
tremely fine defects.

Following precleaning anddrying, the solvent
removable visible dye penetrant is applied as
with previous methods. Afterthepredetermined
dwel time, it is removed from the surface with
solvent remover and the partis thoroughly dried.
The application of the developer draws out the
bright red indication as with the other two vis-
ible penetrant types and methods.

FMULSIFIERS,~The emulsifiers discussed
under the various types and methods are liquid
additives which, when applied io post-emulsifi-
able penetrzits, combine with the excess sur-
face penetraut to render it water removable.
These emulsifiers have low penetrating prop-
erties, a necessary feature to avoid having the
emulsifier remove the penetrant from the dis-
continuity. They are of a contrasting color to
the post-emulsifiable penetrant so that it canbe

"termnined easily if all the emulsifier has been
.vmoved during the water rinsing. Proper rins-
ing of fluorescent emulsifers is checked using
the biack light. Emulsifier dwell time is that
time which it takesfor the emulsifier to mix with
the surface penetrant in order for it to rinse
properly.

DEVELOPERS.—As previously mentioned
under the types and methods (table 4-1), there
are three types of developers—dry, aqueous wet,
and nonaqueous wet.

Dry developer is a highly absorptive fluffy
white powder. It is applied to the part after it
has been thoroughly dried and provides a con-
trasting background/to flaw indications and ab-
sorbs the penetrant at the defect. The dry type
developers cause less bleeding of the penetrant
indication and thus provide better resolution.
The dry developer adheres primarily totheflaw
openings weited by the penetrant liquid and pro-
vides sharp flaw delineations. It is applied by
dipping, dusting, or flow-on method.

Aqueous wet developer consists of an absorb-
ent powder supplied in dry form which is mixed
and suspended in water for application to the part
being penetrant inspected. The suspension of the
wet developer must be agitated to insure thorough
suspension of the absorbent powder in the water.
EXxcess penetrant is removed from the part and
the wet developer is applied to the part while it
is still wet. The wet developer, on drying, pro-
vides an absorbent white background for maxi-
mum color contrast and causes the penetrant to
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bleed from the flaw cavity, obtaining increased
inspection  accuracy.  Wet developers  cause
greater bleeding and are more sensitive when
applied as a spray. They are applied by dippine
or flow-on method.

Nonagueous  wet  developer  consists of
absorbent powder suspended in a volatile liquid.
This developer offers the highest relative sensi-
tivity and is used primarily for spot inspection
where the surface beine inspected has not been
lieated during the process. The sensitivity of the
developer canbe inereased by vibrating the spray
cun during application. The preferred methodof
application is spraying. It may also be applied
by brushing, but this is not generally preferred.

NOTE: Nunagueous developers should not be
applied to a hot part until the part has been
cooled enough to be hand held, Some of the non-
aqueous developers have a flash point of 50 ° F.

Developer dwell time will depend on the type
of penetrant developer and the type of defect.
Allow sufficient time for an indication to form,
but do not allow penetrant to bleed into the
developer in such quantitics to cause a loss of
defined indications.

The developer dwell time will vary from a
few minutes to an hour or more. A good rule
of thumb is as follows: development time for a
given material or type of defect is about one-half
of the time considered proper for penetration
dwell time.

Interpreting Results

With penctrant inspections there are no false
indications in the sensce that such things occur
in the magnetic particle inspection. However,
there are two conditions which may crcate ac-
cumulations of penetrant that sometimes are
confused with true surface cracks.

The first condition is a result of poor wash-
ing. If all the surface penetrant is not removed
in the washing or rinse operation following the
penetration time, the unremoved penetrant will
be visible. This condition is usually ecasy to
identify since the penetrant will be in broad
areas ratner than in the sharp patterns found
with true indications. When accumulations of
unwashed penetrant are found on a part, the
part should be completely reprocessed. De-
greasing is recommended for removal of all
traces of the penetrant.

Another condition which may create false
indications is where parts are press-fit to each
other. For example, if a wheel is press-fitonto
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a shaft, the penetrant will show an indicat:on
at the fit line. This is perfectly normal since
the two parts are not meant to be welded to-
cgother. Indications of this type are casy to
identify since they are so regular in form and
shape.

The success and reliability of the penetration
inspection depend upon the thoroushness with
which the operator prepares the part from the
precleaning all the way throurh to the actual
search for indications. It is not a method by
which a part is thrown into a machine which
separates  the good parts from the bad. The
operator must carefully procvessthepart, search
out indications, and then decide the seriousness
of defects found in order to determine the dis-
position of parts with indications. Penetrant
inspections are important tocls for findine de-
fects before those defects grow into failures.
As an operator, it is up to you to get the most
out of the method used.

Fluorescent indications, when viewed under
black light, fluoresce brilliantly and the extent
of the indication marks the extent of the defect.
Pores. shrinkage, lack of bond and leaks will
show as glowing spots, while cracks, laps, forg-
ing bursts or cold shuts will show as fluorescent
lines. Where alarge defect hastrappeda quantity
of penetrant the indications will spread on the
surface. Experience in the use of the method
allows interpretations to be drawn from the
extent of the spread as to the relative size of
the defects. Grinding into certain defects, or
sectioning and viewing under black light will
rapidly build up experience and knowledge of the
character of defects lying below various types
of indications. For best results, inspection
should be done in a darkened area. The darker
the area of inspection, the more brilliant the
indications will show. This is extremely impor-
tant when looking for very fine indications. The
inspection table should be kept free of random
fluorescent materials. If penetrant has been
spilled in ‘1e inspection area, on the table, or
the opera. .’s hands, it will{luoresce brilliantly
and may confuse the operator.

Visible dye penetrant indications appear as
red lines. As the d~velcper dries to a smooth
white coating, red indications will appear at the
location »f defects. If no red indications appear,
there are no surface flaws present. No special
lighting is required for e visible dye penetrant
inspection.

It is possible to exa. ‘ne an indication of a
discontinuity and to determine its cause as weli
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as its extent. Such an appraisal « an be rmade if
something is known about the r-anufacturing
processes to which the par! has ween subjected.
The extent of the indication, or accumulation of
penetrant, will show the extentof the discontinu-
ity, and the brilliance will be a2 nmeasu: o of its
depth. Deep cracks will hold 1iore ponetroat
and therefore will be broader and more byriiliant,
Very fine openings can hold only small amounits
of penetrant and therefore will appear as fine
lines.

The most effective training tool for identi-
fying and recognizing defects is a collection of
parts with typical defects which can bereferred
to frequently. Parts that have been rejected
because cf defects should be clearly marked or
partially damaged sc that they will not be con-
fused with acceptable parts. Unless the defects
are extremely large the indications will remain
on the parts for several months or longer.

It is not advisable to reinspect any partusing
a different type process than the one originally
used. Fluorescent penetrants and visible dye
penetrants are not very compatibie; therefore,
if at all possible, if reinspection of a part is
required, the original process should be
employed.

Documentation of penetrant inspections can
be done on Support Action Forms (SAF’s),
Maintenance Action Forms (MAF’s), or Techni-
cal Directive Compliance Forms (TDCF’s), de-
pending upon the circumstances which warrant
or require the inspection. Figure 4-12 illus-
trates the use of a MAF for penetrant inspection
during a calendar inspection, and figure 4-13
illustrates the TDCF being used because of an
Aircraft Bulletin, When the MAF is used, the
worker in most cases initiates and completes
the form, while the TDCF is usually initiated
by Maintenance/Production Control, and the
worker complies with it and completesthe form.

Detailed information on MAF’s and TDCF’s
and their uses is covered in Military Require-
ments for Petty Officer 3 & 2, NavPers 10056~
C, and OpNav 4790.2 (Series) Instruction.

CORROSION ELIMINATION

When corrosion of aircraft skinor structures
has been discovered, the first step to be taken
should t= the safe and complete removal of the
corrosion deposits or replacement of the af-
fected part. Which of these actions to be taker.
depends upon the degree of corrosion, the extent
of damage, the capability to repair or replace,
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and the availability of replacement parts. Any
part which has been damiaged by corrosion
should be roplaced if continued use is likely to
result iu structural failure. Areas to betreated
for corrosion deposit elimination must be clean,
unpainted, and free of oil and grease. Chips,
burrs, flakes ot residue, and surface oxides
must be renoved. However, care must be taken
to avoid removing, at the same time, too much
of the uncorroded surface metal. Corrosion
deposit removal must be complete. Failure to
clean any surface debris permits the corrosion
process to continue even after refinishing the
affected areas.

When corrosion is present, any protective
paint films must first ke removed to irsure that
the entire corroded area is visble. After the
corrosion has been removed the extent of dam-
age must be assessed. It is at this point that
the dztermination is made to repair or replace
the affected part or to perform a corrosion
correction treatment. This treatment involves
the neutralization of any residval corrosion
materials that may remain in pits andcrevices,
and the restoration of permanent protective
coatings and paint finishes.

PAINT REMOVAL

Paint removal operations at the Organiza-
tional and Intermediate level of maintenance are
usually confined to small a.eas, or possibly a
whole panel. In all cases, the procedures out-
lined in the applicable Maintenance Instructions
Manual should be observed. General stripping
procedures are contained in Aircraft Cleaning
and Corrosion Control for Organizational and
Intermediate Maintenance Levels, NavAir 01-
1A-509.

Matericls

All paint removers are toxic and caustic;
therefore, both personnel and material safety
precautions must be observed in their use.
Personnel should wear eye protection, gloves,
and a rubber apron.

PAINT REMOVER, SPECIFICATION MIL-
R-81294.-This is a new epoxy paint remover
for use in the field. This remover will strip
acrylic and epoxy finishes very satisfactorily.
Acrylic windows, plastic surfaces, and rubber
products are adversely affected by this material.
This material should not be stocked in large
quantities as it ages rapidly, degrading the
results of stripping action.
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Firure 4-12.—MAF used for penetrant inspection during calendar inspection.
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Figure 4-13.—=TDCF documnentation for penetrant inspection.,

Additional paint reriovers are discussed in
NavAir 01-1A-509 and NavAir 07-1-503. Fach
remover has a specific intendeduse, For exam-
ple, MIL-R-81294 is for removing epoxy finishes
but could be damaging to synthetic rubber, while
norflammable water soluble paint remover con-
forming to MIL-R-18553 is usable in contact
with svathetic rubber. In all cases utilize the
recommended remover that meets the require-
ments of the job being accomplished.

Procedures and Precautions

The stripping procedures provided in this
Ssection are general in nature. When stripping
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any aircraft surface, consult the applicat
Maintenance Instructions Manual for the spect
procedures to be used.

Stripping  should be accomylished outsiue
whenever possible. If stripping must be done
in a hangar or cther enclosure, adequate ven-
tilation must be assured. CAUTION: Prior to
cleaning and stripping, insure that the aircratt
is properly grounded to dissipate any static
electricity produced by the cleaning and strip-
ping operations,

Using approved tapes and papers, mask all
seals, joints, skin laps, bonded joints, etc.,
where the paint remover may contact adhesives.
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Appiv the stripper liberally and completely
cover the surface to a depth of 1,32 to 116
ineh, using a bristle bresh. The stripper should
not be spread in a thin coat like paint, since it
will not lovsen paint sufficiently for removal,
and the remover may dry on the surface of the
metal, requiring o reapplication,

Allow the stripper to remain on the surface
ftor a sufficient leneth of time to wrinkle and
lift the paint, which may be from 10 niinutes to
several hours, depending on both the tempera-
ture and humidity and the condition of the paint
coat being removed., Loosened paint may be
removed with fiber scrapers, bristle bruches,
and rags. The surface should then be rinsed
with water to remove any residual stripper.

After rinsing the area thoroughly, wipe down
with rars wet with lacquer thinner or on ap-
proved solvent cleaner such as Stoddard solvent.

The next step is to remove all masking tape
and carvefully strip away the remaining paint it
covered, using racs slightly dampened with an
approved solveat cleaner such as methyl-ethyl-
ketone (MEK). Use only nonmetallie scrappers
to assist in removing persistent paint finishes.

CORROSION RFMOVAL

After the paint has been removed from cor-
rosion-damaged areas of metal surfaces, it is
necessar {0 remove all corrosion deposits
hefey . ar accurate assessmwent of danmage can
be niede. The difierent corrosion removal pro-
cesses required by the various aircraft metals
include cheniical treatmentsto preventor retard
future corros:ve attack. These chemical treat-
pients are discussed as a part of the corrosion
removdl processes in this section. Further
chemical treatments are applied for the purpose
of improving paint adhesion if it is determined
that the corrosion damage is tolerable and the
affected parts may remain in service. Prepaint
treatments are discussed in a subsequent section
of this chapter.

Corrosion Removal From Aluminum

There are three types of aluminum surfaces
insofar as corrosion removal is concerned. They
are clad, anodized, and exfoliated.

CLAD ALUMINUM SURFACFS.-Pure alu-
minum has considerable corrosion resistance
compared to aluminum alloys, but has little or
no structural strength. It has been learned that
an extremely thin sheet of pure aluminum
laminated onto each side of an aluminum alloy
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sheet improves the corrosion resistance with
littte impairment of streagth. The trade name
of this aluminum laminated as originated by the
Aluminum Company of Araerica is 'Alelad.”
From this trade name the adjective clad’” and
the verb -‘cladding’ have heen derived. Not all
aireralt sheet aluminum is clad, especially thuse
alloy sheets from which small brackets, gus-
sots, fittings, cte., are made. The pure alumi-
num is very soft and the fabrication processes
would severely damage or destroy the clad
surfaces.,

To remove corrosion from clad surfaces the
conrroded areas should be hand polished with
household abrasives such as Bon Ami or Ajax,
or with a specification metal polish, MIL-P-
6888. It (the specification polish) effectively
removes stains and produces a high-gloss,
lasting polish on unpainted clad surfaces. During
the foregoing polishing operation, care must be
taken tc avoid unnecessary mechanical removal
of the protective clad layer and the exposure of
more susceptible, but stronger, aluminum alloy
base.

If there is any superficial corrosionpresent,
it should be treated by wiping down with an
inhibitive material such as the Chemical Sur-
face Films for Aluminum Alloy, available under
specification MIL-C-5541A. (Sec Chemical Sur-
face Treatment, this chapter.)

ANODIZFD ALUMINUM SURFACFS.—Ano-
dizing is the most common surface treatmentof
nonclad aluminum alloy surfaces. The aluminum
alloy sheet or casting is the positive pole in an
electrolytic bath in which chromic acid or other
oxidizing agent produces an aluminum oxide
film on the metal surface. Aluminum oxide is
naturally protective, and anodizing merely in-
creases the thickness and density of the natural
oxide film. When this coating is damaged in
service, it can only be partially restored by
chemical surface treatments. Therefore, any
processing of anodized surfaces, including cor-
rosion removal, should avoid unnecessary des-
truction of the oxide film.

Aluminum wool, nylon webbing impregnated
with aluminum oxide abrasive, or fiber bristle
brushes are the approved tools for cleaning
anodized surfaces. The use of steel wool, steel
wire brushes, or harsh abrasive materials on
any aluminum surface is prohibited Producing
a buffed or wire brush finish by any means is
also prohibited. Otherwise, anodized surfaces
ar treated in much the same manner as other
aluminum finishes.
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EXFOLIATED SURFACES.-As previously
described, exfoliaticn is a separation aiong the
grain boundaries of metal and is caused by in-
tergranular corrosicn. More severe procedures
must be observed when intergranular corrosion
is present. The mechanical removal of all cor-
rosion products and visible delaminated metal
layers must be accomplished in order to deter-
mine the extent of destruction and to evaiuate
the remaining structural strength of the compo-
nent. Metal scrapers, rotary files, and other nec-
essary tools are used to assure that all corro-
sion products are removed and that only
structurally sound aluminum remains. Inspec-
tion with a 5 to 10 power magnifying glass, or
the use of dye penetrant, will aid indetermining
if all unsound metal and corrosion productshave
been removed. When complete removalhasbeen
attained, any rough edges should be blended or
smoothed out even though this involves the re-
moval of more metal. Grinding, where required,
can best be accomplished by using rubber base
wheels into which tiny particles of aluminum
oxide abrasives have been impregnated.

Chemical treatment of exposed surfaces is
applied in the same manner as any other alu-
minum surface.

Any loss of structural strength in critical
areas should be evaluated by cognizant aero-
nautical engineers, particularly if the damage
exceeds the permissible limits established in
the Structural Repair Manual for the aircraft
model involved.

Corrosion Removal
From Iron and Steel

The most practical means of controlling the
corrosion of steel is the complete removal of
the corrosion products (rust) by mechanical
means. Except on highly stressed steel sur-
faces, the use of abrasive papers, small, power
buffers (fig. 4-14) and buffing compounds, hand
wire brushing, and steel wool are all acceptable
cleanup procedures. It isarecognizedfact, how-
ever, that in any such usesof abrasives, residual
iron rust usually remains in the bottom of small
pits and other surfaces. As a result, apart once
rusty usually corrndes again, more easily than
it did the first time.

There are approved methods for converting
active iron rust to phosphates and other protec-
tive coatings; however, mostof these procedures
require shop installed equipment and are there-
fore impractical in the field. Another dis-

AM. 58
Figure 4-14,—Corrosion removal from ordinary
steel.

advantage of chemically inhibiting iron rust is
the danger of entrapping these chemicals in in-
stalled assemblies where thorough flushing is
difficult, thereby causing far more corrosion
than was originally present.

HIGHLY-STRESSED STEEL SURFACES.—
Any corrosion on the surface of highly stressed
steel is potentially dangerous, and careful re-
moval of the corrosion deposits is mandatory.
surface scratches or changes in the surface
molecular structure due to overheating can
cause sudden failure. Removal of corrosion
products must be accomplished by careful proc~
essing, using mild abrasive papers such as fine
grit aluminum oxide, or fine buffing compounds
on cloth buffing wheels. It is essctial that the
steel surface not be overheated wu.ile buffing.
After this careful removal of surface corrosion,
protective paint finishes shouldbe reappliedim-
mediately.
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"  CADMIUM PLATED SURFACES.—As stated Corrosion Removal From Titanium

previously, cadmium platings are still offering
sacrificial protection even when they show
mottling ranging from white to brown to black
on their surfaces. This discoloration should
never be removed for appeariuce sake alone.
Not until the characteristic color peculiar to
corrosion of the base metal appears should
steps be taken.

Corrosion present should be removed by
rubbing lightly with stainless steel wool. Under
no circumstances should a wire brush, stain-
less or otherwise, be used on cadmium plated
surfaces as these will remove more plating
than corrosion. After the corrosion has been
removed the affected area should be swabbed
with a chromic acid solution and, after 30 to 60
seconds, rinsed with clean water and dried
with clean cloths or low-pressure compressed
air. The part is then ready for a protective
paint coating.

Corrosion Removal From Magnesium

Magnesium corrosion reprotection involves
the maximum removal of corrosion products,
the partial restoration of surface coatings by
chemical treatment, and a reapplication of pro-
tective coatings.

After cleaning the surface and stripping the
paint, if any, as much of the corrosion products
as possible should be broken loose and re-
moved, using abrasive impregnated nylon web-
ing or glass beads with the Vacu-Blast Dry
Honing Machine. Steel wire brushes, carbor-
undum abrasives, or steel cutting tools should
not be used. After the corrosion has been re-
moved, treat the surface with Specification
MIL-C-5541, chemical treatment solution, as
outlined in the section on Chemical Surfzce
Treatment (this chapter); then restore the pro-
tective paint film.

If extensive removal of corrosion products
from a structural casting was involved, a deci-
sion from a structural engineer may be neces-
sary in order to evaluate the adequacy of the
structural strength remaining. Structural Re-
pair Manuals for the aircraft models involved
usually include tolerance limits for dimensions
of critical structural members and should be
referred to if any ques'icn of safety of flight is
involved.

Titanium surfaces that show surfac» de-
terioration from the presence of salt deposits
and impurities are cleaned with Specification
P-D-680 solvent (Stoddard solvent), then any
corrosion is renmoved by hand using abrasive
impregnated nylon webbing and followed by final
cleaning of the surface with water emulsion
cleaner solution (1 part cleaner to9parts water).

MECHANICAL CORROSION
REMOVAL BY BLASTING

Vapor blasting, soft grit blasting, and dry
vacuum blasting are the most effective me-
chanical methods of removing corrosion with
the least removal of the metal. For use on as-
sembled aircraft, a portable unit such as the
Vacu-Blast Aero Dry Honer is the most de-
sirable.

Vacu-Blast Aero Dry Honer

The Vacu-Blast Aero Dry Honer is a port-
able self-corntained, lightweight unit utilizing
the dry vacuum return system. (Dry honing
is the only authorized blasting method of re-
moving corrosion on assembled aircraft.) With
this machine the work is more visible ard
metal removal can be held to clgser limits.
The machine is air operated and can be used
in shore-based or shipboard operations.

COMPONFNTS.—The dry honing machine
illustrated in figure 4-15 is composed of the
following principal components mounted on a
two-wheel carriage assembly:

Pneumatic system.

Control and regulator valve and gages.
Abrasive hopper (storage tank).

Aerator and feed tee.

Abrasive supply and return hoses.
Suction bypass line.

Blast gun assembly.

Gun set attachments.

Air ejector pump.

10. Abrasive reclaimer.

11. Dust collector.

12. Vibration screen.

A hose rack and storage compartment are
provided on the front of the dry honing machine
for storage of hoses, brushes, and accessories.

Pneumatic System.—The pneumatic system
includes a main air supply connection at which
is attached the external compressed-air supply,
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Figure 4-15.—Vacu-Blast—dry honing machine (back view).
interconnecting tubing, an air filter with a creates the necessary vacuum to return the
drain cock for removal of liquid from the com- used abrasive from the blast gun assembly to
pressed air, and an air ejector pump that the filter bags. The dry honing machine
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operates satisfactorily on airpressures ranging
from 80 t0 100 psi an: airflows rangingfrom 80
to 90 cfm.

Control and Reculator Valves and Gages.—
The supply pressure gage indicates the com-
pressed-air supply pressure. The 150-pound
maximum variable pressure regulator is oper-
ated to adjust the air supply to the desired
pressure before entering the airhose to the
blast gun assembly. This pressure is indicated
on the blast pressure cage adjacent to the pres-
sure regulator.

Abrasive Hopper (Storage Tank).—The abra-
sive storage tank is conical in shape to effect
direction of flow of abrasive. Tt is removed by
release of two spring clamps. The normal
capacity of the storage tank is 5 pounds of
abrasive material.

Aerator and Feed Tee.—The aerator and
feed tee located at the bottom of the storage
tank is designed to aerate the abrasive in the
storage tank and feed it to the blast hose
leading to the blast gun. The aeration is ef-
fected by mixing of air with the fine abrasive.

When the fine avrasive is aerated, debris
particles which may be mixed with the abrasive,
settle to the bottom of the storage tank. The
abrasive is then drawn through a metering
valve, from» a point a short distance above the
bottom of the tark, thus preverting recircula-
tion of the debris particles. Tirc abrasive then
flows through the feed tee into the supply hose.

Abrasive Supply and Return Hoses.—The
abrasive supply hose is a 20-foot length of
5/8-inch ID transparent plastic hose, which
permits direct observation of abrasive flow.
It is attached to the aerator and feed tee and
conveys aerated abrasive to the blast gun as-
sembly. The abrasive return hose is 20 feet
long and returns used abrasive and debris from
the blast gun assembly to the abrasive re-
claiming system.

Suction Bypass Line.—The suction bypass
line is designed to remove abrasive from: the
blast hose when the machine is shut off in order
to eliminate hose surging when blasting is
started again. One end of this line is connected
to the feed tee opposite the blast hose con-
nection, and the other end of the line extends
up into the storage tank. This line terminates
in the storage tank above the abrasive level,
and the open end is protected from the abrasive
by an interior baffle. When blasting stops, the
exhauster remains in operation to suck air back-
wards through the vlast gun assembly, abrasive
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supply hose, fred wee, andbypassline, conveying
any abrasive to thie hose back into the storage
tank. When blasting, airflow is reversed and
the bypass line insures a balanced pressure
between the storage tank and the feed tee housing
so that abrasive will fall freely through thefeed
tee into the blast hose.

Blast Gun Assembly.—The blast gun as-
sembly (fig. 4-16) consists of a hand-held gun,
blast control valve, nozzle assembly, and con-
nections for air, abrasive supply, and return
hoses. The blast gun assembly draws the abra-
sive material from the abrasive supply hose,
accelerates the abrasive through the blast
nozzle, and directs it against the workpiece.
This is accomplished through the gun, which
employs an education principle whereby com-
pressed air is expended through an air jet to
create a low pressure area in the gun housing,
and by connecting the abrasive supply hosc to
the gun housing at the point where this low
pressure area is created.

Gun Set Attachments.—The three brushes
and an irregular surface attachment, iilus-
trated in figure 4-17,are provided with the
dry honing machine, and permit blasting of
most surfaces. Additional care must be exer-
cised with the inside and outside corner brushes
to avoid the loss of abrasive. The irregular
surface attachment:will conform to most ir-
regularities,

Air Ejector Pump.—The air ejector pump
creates the necessary vacuum to return the
abrasive from the blast gun assembly through
the return hose to the abrasive reclaimer,
carrying the dust still farther to the cloth filter
bags in the dust collector.

Abrasive Reclaimer.-~The abrasive re-
claimer is mounted directly above the abrasive
storage tank and consists essentially of a cy-
clone separator into which abrasive and debris,
(from the abrasive return hose) enter. The
angle at which entry is made imparts a cy-
clonic, or circular, action to the airstream,
causing the abrasive to drop out of suspen-
sion. The conveying airstream leaves the
separator through the top, carryig with it
extremely fine particles of dust which are
no longer usuable as abrasive, The reclaimed
abrasive its>lf drops to the bottom of the sep-
arator and then back through a vibrating screen
section into the abrasive storage tank. Air
and dust leaving the reclaimer cyclone pass
into the cloth filter bag type dust collector
onto which the reclaimer is mounted,
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Dust Collector.—The dust collector con-
sists of a number of cloth filter bags so ar-
ranged that dust laden air rising froem the

/ reclaimer cyclone is ducted to the bottom of
AIR the dust collector housing where it must pass
through the cloth filter bags before being dis-

ABRASIVE —— charged through the exhauster. Filter bags
G:P are periodically cleaned by a manuallyoperated
ABRASIV'E

bag-shaking mechanism to remove the accum-
RETURN HOSE —=

BLAST CONTROL VALVE

ulated dust which drops t> the dust collector
box for disposal.

Vibratiag Screen.—The vibrating screen, in-
corporating a permanent magnet i¢ remove
steel particles, is located between the re-
claimer cyclone and the abrasive storage tank.
The sc¢reen is sufficiently fine to remove any

Kagain oversize foreign particles from the abrasive.

_ The vibrating screen is exposed for cleaning

BLAST GUN ASSEMBLY and inspection by dropping the abrasive storage

tank. It is vibrated by an air-driven vibrator

mounted at the center of the screen on a sup-

. porting frame, the amount of vibration being
preset by an orifice in the air line.

ABRASIVFE.—Although blasting equipment
may use many types of abrasives, only glass
beads are authorized for the removal of mild
to medium corrosion from naval aircraft. Glass
beads are manufactured of high grade optical
crown glass, soda lime type.

OPERATING PROCEDURES.—The operating
procedures listed in this section are general in
nature. The dry honing machine must be used
with care, and only by a qualified operator.

NOTE: A face shield must be worn at all
times while operating the dry honing machine.

To operate the dry honer, fill the abrasive
hopper with a full charge of the correct size
abrasive material. Less than full abrasive
charges may be used for touchup work or for
dry honing either highly corroded or relatively
small areas of steel. Contaminated abrasives
should be thrown away after completion of the
dry honing operation. No less than one-half
charge (2 1/2 pounds) should ever be used.

After filling the machine with the correct
abrasive, turn the regulator adjusting screw
0 the full open position, then turn on the ex-
ternal air supply valve. Set the pressure
regulator to the desired pressure by placing
the gun against a scrap piece of metalor rubber

CUTAWAY VIEW and operating the gun. The blast pressure can

then be adjusted with the machine in operation.

Hold the blast gun firmly against the sur-

AM.60 face to be dry honed and press down on the

Figure 4-16.—Blast gun assembly. blast control valve. Move the gun in a smooth
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Figure 4-17.—Gun set attachments.

pattern of overlapping strokes, advancing ap-
proximately 3/4 inch at each pass. Dwell times
must be kept at a minimum necessary to pro-
duce complete corrosion removal.

CAUTION: Excessive dwell times could re-
sult in overheating of the material and/or ex-
cessive metal removal,

Smoothest reversal of direction at the end
of each pass is made by moving the brush in
a small circular path as shown in figure 4-18,

AM.62
Figure 4-18.—Proper operation of gun.

s
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so that the bristles roll smoothly from one
direction to the other. To prevent loss of
abrasive, fully release the blast control valve
each time the dry honing operation is stopped
and/or before the gunisraisedfromthe surface.

INSPECTION AND MAINTENANCE.-Cer-
tain components of the dry honing machine re~
quire inspection and maintenance at calendar
or operating intervals. The two maintenance
actions listed below are usually performed by
the operator.

CAUTION: The main air supply must be
turned off before performing any maintenance
action.

Two-Hour Intervals,—At the end of each 2
hours of operation, shut off the air supply to
the machine and shake down the filter bags
by swinging the dust bag rapper down and
sharply returning it to the normal position.
Repeat this rapper actic: for 20 quick strokes,
After shaking down thi filter bags, empty the
dust box.

Four-Hour Intervals,—Open thedrain cock at
the bottom of the air filter and drain moisture
every 4 hours, or whenever visible. Additional
maintenance and lubrication requirements are
defined in NavAir 17-5BM-1.

CAUTION: Care must be taken to prevent
damage to the plastic air filter bowl. Mechani-
cal damage or contact with common solvents
will cause it to shatter when pressurized. If
necessary to clean the bowl, use only water or
a mild detergent solution.
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LIMITATIONS.—The dry Loning machine
described in the aforementioned sections can
cause damage to aircraft components and sys-
tems if improperly used. Small quantities of
abrasive niay be expected to escape from the
blast noz7'= during normal use; therefore, the
equipm.. 5t not be used in areas or under
condition.; awu.c.e the abrasive may contaminate
syst:ms or components.

1. Do rot use on engines, gear boxes, or
other oil lubricating systems.

2, Do not use on fuel, hydraulic, or oxygen
system components.

3. Mask vents of the above listed systems
when blasting near them to prevent possible
contamination.

4. Use only on exterior surfaces or parts
which have been removed from the airframe to
prevent possible contamination of interior areas.

5. Do uot use on airframes sxins or struct-
ural parts which are exposed to over 500° F in
service.

6. Do not blast Metallite or honeycomb
panels,

NOTE: Corrosion PREVENTIVE mainten~
ance is documented on a Support Action Form,
while corrosion maintenance that is considered
as TREATMENT must be documented on the
Maintenance Action Form so that a record of
extensive corrosion rework will exist and be
available for any Aircraft Logbook entries that
may be required.

CORROELION DAMAGE LIMITS

The term ‘‘corrosion damage limits’’ refers
to the amount of metal which may be removed
from a corroded part and still maintain the
required safe margin of strength and function.
When removing currosion, maintenance person-
nel must be very careful not to remove more of
the metal than is absolutely necessary to insure
complete removal of corrosion. Figure 4-19
illustrates the maximum corrosion depths al-
lowed on the various components of the nose
landing gear on one late model aircraft.

Damage which exceeds thoselimits specified
in the applicable Structural Repair Manual or
the Corrosion Control section of the applicable
Maintenance Instructions Manual necessitates
replacement of the affected part if actual struc-
tural repair of the damage is not possible or
feasible.
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CHEMICAL SURYA: o TREATMENT

Chemical conversici coatings will increase
corrosion resistance and improve paint adhe-
sion. After cleaning and removal cf any suiface
oxides, aluminum and magnesium should be
treated with MIL-C-5541 chemical treatment.
These coatings are often damaged during air-
craft maintenance or are contaminated by
grease, oil, or other foreign matter. Therefr o,
the treated surface should be painted soon after
treating if best results are to be expected.

Soluble salt residues remaining on the sur-
face after treatment will accelerate corrosion
and can cause blistering of paint finishes. Thus,
complete rinsing with fresh water following the
chemical treatment is very important. Flush
the chemical with free-flowing water only. DO
NOT wipe the ovea with a damp cloth or brush
as this will deteriorate or remove the chemical
conversion coating, which is sensitive to abra-
sion prior to fully drying.

CAUTION: Personnel should wear goggles,
aprons, and rubber gloves when using solutions
of MIL-C-5541,

Chemical Conversion of
Aluminum Alloys

The procedure to be used for the chemical
conversion of aluminum alloys is as follows:

1. Insure that the surface is clean.

2. Brush MIL-C-5541 solution onareas tobe
treated. Repeat application of fresh solution
until a uniform irridescent yellowto brown color
is produced, then discontinue brushing and
allow the solution to remain on the metal for
about 1 minute.

3. Rinse the complete area withfreshwater.

4, Allow to air dry (usually not more than 1
hour) before priming. A powdery coating in-
dicates poor rinsing or failure to keep the
surface wet during the treatment. If this occurs,
the treatment should be repeated.

NOTE: Chemical treatm:nts conforming to
Specification MIL-C-5541 are not all the same
composition and therefore should be prepared
for use according to the particular manufac-
turer’s instructions.

Chemical Conversion of
Magnesium Alloys

Procedure for the chemical conversion of
magnesium alloys is as follows:

T0R
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REF. NO. | NOMENCLATURE

| OUTER CYLINDER
ACTUATOR PISTON |
ACTUATOR BODY
TORQUE ARMS
WHEEL

FORK
STEERING URIT
PISTON

@ ~| |||V

B3 CHROME PLATE

MAXIMUM CORROSION DEPTH
REF NO. MATERIAL MAX DEPTH
| ALUMINUM 0.01%
2 CHR PLATED STEEL 0.003
[ 3| ALUMINUM 0.030
" 4T ALUMINUM 0.030
5 MAGNESIUM 0.030
_ 76 | HEATRESISTANT STEEL | 0.010
7| HEAT RESISTANT STEEL 0.010
.8 HEAT RESISTANT STEEL C.010
g¥ | CHROME PLATED
HEAT RESISTANT STEEL 0.004

AM.63
Figure 4-19,~A-5 nose gear-—maximum corrosion depths,
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1. Insure that the surface is clean.

2. While the surface is still wet, brush on
MIL-C-5541 chemical treatment solution. Con-
tinue application of fresh solution on the metal
until a uniform light Hrown color is obtained.

NOTE: The solution for magnesium is the
same as used for aluminum and is made up ac-
cording to the manufacturer’s aluminum treat-
ment instructions. The solution will react much
more rapidly with magnesium than with
aluminum.

3. Rinse thoroughly as with the aluminum
treatment and allow to air dry prior to applying
protective paint finishes.

Some magnesium parts in later model air-
craft have been originally protected by a prop-
rietary (held under patent) electrolytic process.
The “HAE’’ process is identified by the brown
to mottled gray appearance of the unpainted
surface. “DOW 17’ coatings will appear as a
green to grayish green color. These coatings
are generally thicker than those applied by
immersion or brush method such as MIL-C-
5541, The electrolytic finish cannot be restored
in the fleld. Therefore, when fallure of the
coating occurs, any corrosion should be removed
and the bare magnesium should be touched up
with MIL-C-5541 chemical treatment golution.
Care should be taken to minimize removal of the
electrc'ytic coatings as they afford greater pro-
tection than the replacement coatings,

AIRCRAFT AND COMPONENT
PAL’ TING AND PAINT TOUCHUP

The amount of paint touchup accomplished
at the Organlzational and Intermediate level will

vary widely with the activity involved, the
avallability of facitities, and the area of
operation,

The primary objective of any paint finish 18
the protection of expesed surfaces agalnst de-
terforation. There are secondary reasons for
particular paint schemes; thie reduction of glare
by nonspecular coatings, the use of white or
light ¢olored high-gloss finishes to reduce heat
abgorption, camouflage or high visibllity re-
quirements, or special tdentification markings.
There 1y seldom justification for repainting for
appearance gake only, A faded or stalned, but
well-bonded, paint finish 18 better than a fresh
touchup treatment tmproperly applied over dirt,
corrosion products, or other contaminants,

Complete  refinishing, particularly under
fleld conditions, should be restricted to thoge
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areas where existing paint finishes have de-
teriorated, through age and exposure, until they
fail to perform their protective function. Re-
newal of special finishes and markings should
also be restricted to those situations where the
purpose of the special finish isnot beingserved.
However, maintenance and repair of paint
finishes at the Organizational and Intermediate
level is extremely important, from the evalua-
tion of initial paint finishes at the time of aircraft
receipt, through the constant surveillance and
maintenance of finishes during a service tour,
to the final recommendations for refinishing
requirements when the alrcraft is scheduled for
Progressive Aircraft Rework at the Depot level
of maintenance.

SURFACE PREPARATION

Much of the effectiveness of any paint finish
and its adherence depends on the careful prep-
aration of the damaged surface prior totouchup.
The procedures to be used in paint and corrosion
removal have been described previously. The
touchup paint «»ould overlap onto the existing
good paint finish, The touchup materials will
not adhere properly to glossy finigshes. Also,
any edges of the existing film will show through
the overlap unless they are smoothed out,

To break the gloss of existing finishes and
to feather (smooth out) the edges for overlap,
geuff sand, using 300 to 400 aluminum oxide
paper. Following sanding, a w. ‘er rinse {sused
to remove the abrasive residues.

Next, all sanded areas and exposed bare
metal surfaces are wiped down with1-BUTANOL
{(normal butyl alcholol).

Remove any loogened seam sealants in the
area to be touched up and replace as necessary.
(Sce Sealants and Secaling Practices in this
chapter.) Also, resecureanyloose rubber seals,
using the type adhesive gpecified in the applie~
able Maintenance Ingtructions Manual.

The arca to be palnted is then outlined with
tape and masking paper as shown infigure 4-20.
This protects the adjoluing surfaces fromover-
gpray and unwanted paint buildup.

TOUCHUP PROCEDURFES

In the past, It was necessary to identify the
specific surface finlsh (paint system) applied to
an alreraft at the thine of manufacture or rework.
Each surface finigh (nitrocelluloge lacquer,
acrytle lacquer, and epoxy) required a gpecific
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touchup procedure that was compatible with the
present finish. Failure to properly identify the
present surface finish and apply the specific
touchup procedures, usually resulted in wasted
manhours and material.

To preclude this and more effectively control
corrosion, a standardized paint system for
Organizational and Intermediate level painting
and paint touchup has been promulgated by the
Naval Air Systems Command, Thissystem con-
sists of an improved expoxy primer, Specifi-
cation MIL-P~23377B and an acrylic topcoat,
Specification MIL-L-81352, and is compatible
with all of the various systems presently used
in naval aircraft.

Epoxy-Polyamide Primer
(MIL-P-23377B)

The epoxy-polyamide primer is supplied as
a two-part kit, each part of which must be
stirred or shaken thoroughly before mixing. One
part contains the pigment, ground in an epoxy
vehicle, while the other part is composed of a
clear polyamide solution which functions as a
hardener for the epoxy solution, This primer i8
supplied by various manufacturers. Mix only as
much primer as needed, as the storage life of
the primer is limited after mixing. CAUTION:
Do not substitute part 1 or part 2 from another
manufacturer. Established mixing ratios sup-
plied by the manufacturer must be followed,
otherwise the primer will exhibit unsatisfactory
properties, such as poor adhesion, poor chemical
resistance, or inadequately dried film,

For mixing, pour the specified amount of
part 1 into an empty container, then slowly pour
part 2 into the contalner, stirring constantly.
CAUTION: Always add part 2 to part 1,

To thin the primer for spraying, add 1 1/2
parts thinner, Specification MIL-T-19588, to 2
parts primer. The thinned primer should be
stirred thoroughly, stralned, and allowed to
gtand 1 hour prior to use. If necessary the
thinning ratio may be varied slightly to obtain
the proper spraying viscosity. The 1-hour stand-
ing time 18 necessary to permit the components
to enter into chemical reaction, shorten drying
time, reduce cratering, preclude part 2 from
““gweating out’’ or migrating, and to allow any
bubbles (formed while stirring) to escape.

To apply the primer, insure that the surface
to be primed has been cleaned, chemically
treated, and prepared for sprayingas previously
described in this section. Apply a wet coat of

’
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REMOVE MASKING BEFORE
APPLYIN?{ TOP COAT

AM,64
Figure 4-20,—Masking prior topaint touchup.

epoxy primer to 1 mil thicknessandallowto dry
from 1 to 2 hours, One hour i8 sufficient when
temperature and humidity range Is ldeal,

Acrylic Lacquer Topcoat
(MIL-L-81352)

This acrylic lacquer is used as a general
purpose external coating for metal surfaces. It
is applied directly over the epoxy-polyamide
primer, It i8 avallable in all colors for touchup
and insignia marking directly over all paint
systems presently employed on naval aircraft,

To thin the acryliclacquer topcoat for spray-
ing, mix 1 volume of lacquer withapproximately
1 1/2 volumes of thinner. The thinner used with
this lacquer i8 composed of equal parts by volume
of toluene and xylene. The exact thinning ratio
must be determined by the user and adjusted to
the prevailing temperature, relative humidity,
and type of spraying equipment being used,
Increasing the xylene portion promotes better
flowout and reduces dry spray but also prolongs
drying time,

After thinning the acrylic lacquer to spray-
ing viscosity, it should be applied in two spray
coats with a 30-minute alr-dry interval between
coats, The total dry film thickness of the acrylic
topcoat should be 0,8 to 1,2 mils,

i
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To apply insignia and/or squadron markings
over the acrylic topcoat, begin masking after
the coating has dried tack. free, Apply the tape
with a2 minimum of press.re to avoid marking
and possible damage to the topcoat. The insignia
and/or markings are then applied directly over
the topcoat, NO!E: Do not use epoxy primer
when repainting or doing touchup work over
Specification MIL-Y -81352 acrylic lacquer
topcoat. .

When painting insignia and/or squadron
markings over all other paint systems, use the
epoxy primer and then overcoat with the acrylic
lacquer,

CAUTION: The materials used for painting
and paint touchup are toxic and flammable,
Precautions must be taken toassure respiratory
{face mask) and eye protection for personnel
engaged in mixing and spraying paint and/or
primers. Gloves and ajrons should @lsobe used
to prevent skin contact, The mixing and appli-
cation of paints and primers should be done in
well-ventilated spaces only,

Paint touchup in the field is a difficult task,
Table 4-2 lists some of the problems encoun-
tered during paint application, the most probable
cause, and methods for correction.

Enamel Finishes

Most enamel finishes used on aircraft sur-
faces are baked finishes that cannot be touched
up with the same materials in the field.

Minor damage to conventional enamel fin-
ishes ordinarily used on engine housings Is
repaired by touching up with epoxy topcoat
material or air-drying enamel.

SEALANTS AND SEALING
PRACTICES

Sealants are used to prevent the movement
of liquid or gas from one point to another, They
are used in an alrcraft to maintain pressuriza-
tion in cabin areas, to retain fuel in storage
areas, to achieve exterlor surface aerodynamic
smoothness, and to weatherproof the airframe,

Sealants are used in general repair work In
the field and for maintenance and restoration of
seam Integrity In critical areas If structural
damage or the use of paint removers has
lungened existing sealants.

Conditions surrounding the requirements for
use of sealants govern the type of sealantsto be
used, Some sealants are exposed to extremely
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high and/or low temperatures, Other sealants
are in contact with fuel,, lubricants, etc, The.e-
fore, it is necessary that sealants be used which
have beeen compounded for that particular type
of usage. These sealants are supplied indiffer-
ent consistencies and rates of cure, The basic
types of sealants are classified in three general
categories—Pliable Sealants, Drying Sealants,
and Curing Sealants,

PLIABLE SEALANTS

These sealants are referred to as one-part
and are supplied ready {or use as packaged,
They are solids and change little, if any, during
or after application, Solvent is not used in this
type. Therefore, drying is not necessary; and
except for normal aging, they remain virtually
tue same as when first packaged, neither har-
dening nor shrinking, The adhesion to metal,
glass, and plastic surfaces is excellent, Pliable
sealants are used around high-usage access
patiels and doors, and in areas where pressuri-
zation cavities must be maintainad,

DRYING SEALANTS

Drying sealants set and cure by evaporation
0. th~ solvent, Solvents urc r'sed In hese scal-
ants to provide the decired consistency for
applicat-on, Consistency or hardness may change
little or much when thls type cealant dries,
depending ur. the amount of solvent it contains,
Shrinkage upon dry!ng is another important
consideration, and the dzgree of shrinkage Is
dependent upon the proportion of solvents,

CURING SEALANTS

Catalyst-cured sealants have obvious advan-
tages over drying sealants because they are
transformed from a fluld or semifluid state
into a solid mass by chemical reaction or physi-
cal change, rather than by evaporation of a
solvent., A chemical catalyst or ‘‘accelerator’’
is added and thoroughly mixed just prior to
sealant applications, Heat may or may not be
employed to speed up the curlng process. When
using a catalyst, accurate proportioning and
thorough mixing of the two components are
vitally important to assure a complete and even
cure,

APPLICATION OF SEALANTS

Application of sealants varies according to
time elements, tools required, nd the method
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Table 4-2.~Acryllc topcoat application, possible defects and methods for correction.

Problem Cause/Correction
Webbing. 1. Insufficient thinning.
Dry sorav. 1. Insufficient thinning.
2. Increase the proportion of the slower

Orangepee! or poor flowout.

Slow drying.

Bleeding through or lifting
of primer.

evaporating xylene in the xylene -toluene
mixture.

1. Insufficient thinning.

Increase the proportion of the slower
evaporating xylene in the xylene-toluene
mixture.

Poor spray technique.

]

Increase the proportion of faster
evaporating toluene in the xylene-toluene
blend.

' Allow epoxy primer to dry longer.
First coat of lacquer topcoat was applied
too wet (first coat can also be misted on).
', Too rich solvents used to reduce lacquer
topcoat; decrease proportion of thinner.

of application. However, the following restric-
tions apply to all sealant applicants:

1. Sealant should be used withinthe approxi-
mate application time limits specified by the
gealant manufacturer.

2. Sealant should not be applied to metal
which is colder than 70° F, Better adhesion
Is obtained and the applied sealant will have
less tendency to flow out of place while curing
if the metal is warmed to a temperature of 90°
to 100° F before the sealant is applied.

3. Sealant should be discarded immediately
when it becomes too stiff to apply or work
readily. 3tiff or partially cured sealant will not
wet the surface to which it is to be applied as
well as fresh material and, consequently, will
not have satisfactory adheslon.

4. Sealant should not be used for fayingsur-
face applications unless it hasjust been removed
from refrigerated storage or freshly mixed.

When pressure sealing an aircraft, the seal-
ing materials should be applied in such a man-
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ner as to produce a continuous bead, film, or
fillet over the sealed area. Alr bubbles, voids,
metal chips, or olly contamination will prevent
an effective seal. Therefore, the success of the
sealing operation depends upon the cleanliness of
the area and the careful application of the seal-
ant materials.

There are various metbods of pressure
sealing joints and seams in aircraft, The ap~
plicable Structural Repair Manual will specify
the method to be used in each application,

The sealing of a faying surface is accomp-
lished by brush coating the contacting surfaces
with the specified sealant. The application of
the sealant should be made immediately before
fastening the parts together.

Careful planning and arrangement of work
and equipment are necessary in order that fay-
Ing surface seals on large assemblies may be
closed within the application time limit of the
sealant. Once the sealant has been applied, the
parts must be jolned, the required numher of
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bolts must be torqued, and all the rivets driven
within this time 1imit.

When insulating tape has been installed be-
tween the faying surfaces to prevent dissimilar
metals contacts, pressure sealing should be
accomplished by fillet sealing. -

Fillet sealing is accomplished by spreading
the specified sealant 2long the seam witha seal-
ant injectlon gun., The sealant should be spread
in approximately 3-foot Increments. Before pro-
ceeding to thenext increment, the applied portion
of the fillet should be worked in with a sealant
spatula or tool, (See fig. 4-21.) This working of
the sealant Is done tofill inall voids in the seam
and to eliminate as many air bubbles as possibie.
The leak-free service life of the sealant ls
determined by the thoroughness and care used
in working out the air bubbles,

After the sealant has cured to a tack-free
condition, the fillet should be Inspected for any
remalning alr bubbles. Such alir bubbles should
be opened up and filled with sealant,

When a heavy fillet is8 required it 3should be
applied In layers and the top layer should falr
with the metal.

Injection sealing Is the pressure filling of
openings or volds with a sealant Injection gun,
Joggles should be tilled by forcing sealant Into
the opening until it emerges from the opposite
side. Volds and cavities are filled by starting
with the nozzle of the sealant Injectlon gun at
the bottom of the space and filling as the nozzle
is withdrawn.

Fasteners such as rivets, Rivnuts, screws,
and small bolts should have a brush coat of
sealant over the protruding portion on the pres-
sure side, Washers should have a brush coat of
gealant on both slides, Split type grommets
should have sealant brushed into the split prior
to Installation. After installation, fillets should
be applied to both the base of the grommet and
the protruding tube on the pressure slde,

Temperatue Resistant Sealing
Compound (MIL-S-8802)

Sealant conforming to Specification MIL=-S-
8802 Is the most widely recommended sealant
for sealing alrcraft depressions, gaps, seams,
and faylng surfaces of high performance air-
craft. It Is a synthetic base sealant with a
geparate catalyst. It should be mixed in accord-
ance with the manufacturer’s instructions, The
viscosity and working time i8 affected by temper-
ature and humidity, Higher temperaturer and
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Flgure 4-21,~Applying sealant.

humldity Increase the viscosity and decrease
the working time for application. Through ex-
perlence it will be learned how much should be
mixed for use In the time before I! becomes
unworkable.

Treated and cleaned areas thatrequireseal~
ing should not be contaminated with hands, tools,
or other foreign objects, The sealant Is applled
between tape and worked into the recess as
shown In figure 4-21, Smoothing of the sealant
will be easler if the spatula is dipped In water
prior to use. The tape should be removed Im-
medlately after the sealant has been applied and
before it begins to set. The sealant may be
overpainted immediately after removal of the
tape.

SAFETY PRECUATIONS

Many of the sealants listed above may be
flammable and/or may produce toxic vapors,
When using any material designated as flam-
mable, all sources of tgnition must be at least
50 feet away from the locatton of the work,
Toxic vapors are produced by the evaporation
of solvents and/or the chemical reaction taking
place in the curinggealants, When using gsealants
in confined spaces such as fuel cells, fuselage
or wing sections, table or bench operations,
etc., adequate local exhaust ventilation must be
uged to reduce the vapors below the maximum
allowable concentration, and kept at that level
until repairs have been completed. Do not eat
or smoke when working with gealants,
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CHAPTER 5

PRESSURIZATION AND AIR-CONDITIONING SYSTEMS

Transferring a human being from his natural
environment on the earth’s surface to the envi-
ronment existing at 40,000 feet places him in
surroundings in which he cannot survive without
artifictal aids. Even at half that altitude breath-
ing becomes very rapid; and above 25,000 feet
unconsciousness occurs, quickly followed by
death, A brief study of the earth’s atmosphere
tells us why this condition exists.

STRUCTURE OF THE ATMOSPHERE

The envelope of atmosphere surrounding the
earth is a gaseous mixture consisting chiefly
of nitrogen and oxygen. There are traces of other
gases, but they have no significance as far as
body functions are concerned. Chemical anal-
ysis has shown that the proportions of nitrogen
and oxygen are constant throughout the thick-
ness of the a‘mosphere, up through 200,000 feet
or more.

ATMCS {L" 7 PRESSURE

Al*'.ouelo 1o chemical content of the atmos-
phere ret . 15 lairly constant, the density (mass
per unit voiume) of the atmosphere varies with
the altitude. At 18,000 feet the density is about
one-half of the density at sealevel, andat 36,000
feet it is only about one-fourth of the density at
gea level. The atmospheric pressure algso varies
with the altitude. The pressure exerted by the
atmosphere may be compared to the pressure
of a column of water, If holes are made in the
container of the column, the force with which
the water spurts out of the upper holes will be
considerably less than that at the bottom of the
column, Similarly, the pressure exerted by the
atmosphere {8 much greater near the surface of
the earththan it ig at high altitudes. For example,
the pressure of the atmosphere at sea level is

14.7 psi, while the pressure at 40,000 feet above
sea level is 2.72 psi and at 60,000 feet is 1 psi.

As an aircraft ascends to higher altitude, the
resulting decrease inatmospheric pressure may
affect flight personnel in several ways. The
most noticeable effect is in breathing.

Breathing is a mechanical process that de-
pends entirely on atmospheric pressure. When
a person inhales, he automatically raises his
ribs and depresses his diaphragm sgo that the
chest cavity is enlarged. This reduces the air
pressure within the cavity below that of the
atmosphere outside. Air is thus pushed into the
lungs. When he exhales, he reduces the chest
cavity, increasing the pressure within it. This
pushes the air out of the lungs.

When low atmospheric pressures are encoun-
tered, the lungs are not filled so completely when
inhaling. With lower density, aperson gets fewer
molecules of air in each breath. If he gets fewer
molecules of air in each breath, he also gets
fewer molecules of oxygen, and nc person can
live unless he gets a sufficient amount of oxygen.

This problem may be solved up to certain
altitudes by the proper use of oxygen equipment;
however, at extremely high altitudes (above
35,000 feet), the atmospheric pressure is so
low that the pressure of the blood and other
liquids in the body are no longer balanced. The
human body then tends to burst. In some cases,
blood vessels near the surface may be ruptured,
causing hemorrhages in the ears, eyes, and
breathing passages.

The outside alr temperature also changes
with altitude. For example, at approximately
18,000 feet the outside air temperature will be
-4° F (-20° C), and at approximately 37,000
feet the outside air temperature will be -67°F
(=55° C). Above 37,000 feet the alr continues
to thin, but the alr temperature will remain
constant for several miles and thenbegintorigse
slowly. Thus, the lowest outside air temperature
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to be encountered by an aircraft would occur at
a height of about 7 miles.

NOTE: The conversion formula for convert-
ing Fahrenheit to Celsius (centigrade) isg (F-32)

For example, -4° F is converted thusly:

5 _5 _ o
5(-4-32)-90f-36--20 C

Conversion of a Celsius temperature to a Fah-
renheit readingis accomplishedusingthe follow-
ing formula:

S ¢+ 32
5

For example -55° C is converted thusly:

3 55+ 32=-99 + 32=-67° F
Remember not to drop the + and - signs when
converting.

These variations in outside air temperature
and atmospheric pressure must be considered by
the aircraft manufacturer when designing the
aircraft.

ATMOSPHERIC CONSIDERATIONS

Pressurization

With operational ceilings now in excess of
50,000 feet, flight personnel, and in some cases
alrcraft components, must be supplied with an
artificial means of maintaining a reasonable
pressure around the entire body and/or equip-
ment. This is done by sealing off the entire ca-
bin/cockpit and any equipment area that may
require pressurization and maintainingan inside
alr pressure equivalent to that at substantially
lower altitudes. This is knownas the pressurized
cabin, cockpit, or compartment, as applicable.

Air Conditioning

In addition to pressurizing, the cabin or cock-
pit and some compartments must also be air
conditioned if the alrcraft istofly athigh speeds.
This requirement Iis partly due to the difference
in temperatures at various altitudes and also
aerodynamic heating. For example, an aircraft
flying at supersonic speeds at an altitude of
35,000 feet may generate a temperature on **
skin of 200° F, and twice that temperaturc «t
altitudes near sea level,

110

In addition to aerodynaniic heating, other
factors affecting cabin/cockpittemperatures are
engine heat, heat from the sunrays (solar heat),
heat from the electrical units, and heat from
the body. Through research and tests, it has
been determined that the average total tempera-
ture of these five heat sources will raise the
cabin/cockpit temiperature to approximately
190° F. Through experiments it has been de-
termined that the maximum temperature that
a man can withstand and maintain efficiency for
extended periods is 80° F; therefore, air con-
ditioning of the cabin/cockpit area is just as
essential as pressurization. Furthermore, under
low-speed operating conditions at low tempera-
ture, cabin/cockpit heating may be required.

The proper operation of much of the present
day aircraft’s electronic equipment is also de-
pendent on maintaining a reasonable operating
temperature that will prolong the life of various
components. In most cases equipment cocling
is provided by teeing off with ducting from the
cabin/cockpit system. On other aircraft asepa-
rate cooling system may be utilized primarily
for equipment cooling. Due to the similarity
of most electronic equipment cooling components
(air cycle type), only the cabin/cockpit cooling
components are discussed in this section. An
example of a liquid cooling system for electronic
equipment cooling Is provided In chapter 6.

BASIC PRESSURIZATION AND
AIR—CONDITIONING
SYSTEM REQUIREMENTS

This combined pressurizing and air condi-
tioning of the cabin is the functionof the aircraft
pressurization and air-conditioning system,
a system now incorporated on all high-speed,
high-altitude aircraft. The inspection andmain-
tenance of this system is one of the important
duties of the AME. A careful study of this
chapter will aid in a better understanding of the
operation, inspection, and maintenance of any
such system encountered.

BASIC SYSTEM REQUIREMENTS

There are five requirements necessary for the
successful functioning of a pressurization and
air-conditioning system. They are as follows:

1. The cabin must be designed to withstand
the necessary pressure differential, This i8
primarily an airframe engineering and manu-
facturing problem.
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2. An adequate supply of compressed air,
This is provided by eithera conipressor (super-
charger) or air from the compressor section ot
the jet engine. A compressor or supercharger
is used on aircraft having reciprocating engines,
On all jet aircraft, the air is taken from the
compressor section of the jet engine, This is
generally referred to as bleed air,

3. A means of controlling the cabin pressure,
This is provided by the cabin pressure regulator
which regulates the outflow of air from the cabin,

4, A means of limiting the maximum »-es-
sure differential to which the cabin wail.s will
be subjected. This is provided for by the cabin
safety valve,

5. A means of conditioning the compressed
air before it enters the cabin, This is provided
for by an aireraft refrigeration unit,

In addition to the above-mentioned major
components, various valves. controls, and other
allied units are necessary to complete an air-
craft pressurization and air-conditioning sys-
tem, The design, construction, and use of certain
components may vary somewhat with Jdifferent
niinufacturers; however, the systems on all jet
type aircraft operate on the same principle,

TYPICAL PRESSURIZATION
AND AIR CYCLE
A[R-CONDITIONING SYSTEM

The environmental control system of most
aircraft include cabin air conditioning and pres-
surization, equipment cooling, defogging, wind-
shield washing and rain removal, and equipment
pressurization subsystems,

Coverage in this section is limited to cabin
and equipment pressurization and air eondition-
ing with the remaining subsystems being cov-
ered later in this manual as utility type sys-
tems,

DESCRIPTION AND OPERATION

Figure 5-1 is a schematie diagranm of a
pressurization and air cycle adr-conditioning
system, The exact details of this system arc
peculiar to only one model of aircraft, but the
general concept Is similar to the majority of
naval aircraft,

As sghown in the diagram, the system is
supplied by blced aly from the compressor
gection of either or both engines, The maximum
temperature of this bleed air as it comes off
the engine is approximately 800° F, and the
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maximum pressure is 250 psi. Expansion joints
(bellows) in the system ducting allow the duct-
ing to expand or contract with varioustempera-
ture changes,

The two engine bleed-air check valves, in-
stalled in the bleec-air line from each engine,
prevent bleed air from flowing from one engine
to the othe. when one engine is not operating,
They are spring-loaded, flapper type check
valves,

The bleed-air shutoff valve, which is con-
trolled by the AIR COND MASTER switch, shuts
off the supply of bleed air to the main heat
exchanger,

The air cycle refrigeration unit consists of
the main and auxiliary heat exchangers, a cool-
ing turbine and a fan which are mounted on a
common shaft, and a mass flow control valve.
Bleed air passes through both heat exchangers.
Ram air enters through an air scoop, l-.-ated on
the right wing fillet; circulates around the fins of
the heat exchangers, extracting heat from the
bleed air; and is routed overboard. Part of the
cooled bleed air exiting from the main heat ex-
changer is used for defogging: part is sent
through the flow-regulating mass flow control
valve to drive the cooling turbine. The bleedair
in driving the cooling turbine is further cooled.
Tlie turbine, because of the common shaft ar-
rangement, drives the fan, which aids the intake
of ram air,

Part of the cold bleed air discharging from
the air cycle refrigeration unit turbine is passed
through the water separator. The water sepa-
rator removes 80 to 90 percent of the noisture
from the airstream and thus provides humidity
control for air going to the cabin, ventilation
suits, and electronic equipment, all of whichare
susceptible to damage by excessive humidity,
The water separator is used to its full capacity
to dry air being sent to all of these areas except
the cabin, Since so high a degree of dehumidifi-
cation is not required for the cabinair, a bypass
is provided around the separator, so that cold
air supplied to the cabin is a niixture of turbine
discharge and water separator discharge air.

Under certain conditions, ecooling turbine
discharge air could drop below freezing, If con-
densation werc allowed to occur, it would im-
mediately become ice, which could quickly clog
the separator and cause a reduction of cold-air
flow from the separator, To prevent this, a
qgcreen I8 installed across the turbine discharge
outlet, All discharge air must pass through this
screen, and molsture will freeze on the screen

1
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Chapter 5—PRFSSURTZATION AND AIR-CONDITIONING SYSTEMS

when the temperature of turbine outlet air drops
below the freezing level. The formationoficeon
the screen causes a back pressure, andthetem-
perature of tte air will increase accordingly.
Thus the screen automatically maintains the
turbine discharge temperature at 32°F or atthe
dewpoint temperature when dewpoint is below
freezing.

The cooled air that is sent to the various
areas and comronents through the aircraft is
mixed with ccntrolled quantities of hot engine
bleed air by -¢rvocontrolled valves in each
bleed-air line. These valvesoperate inresponse
to temperature signals sensed by temperature
sensors located at critical points throusho: - the
conditioned airflows. The two temperatur: .-on-
trollers, defog and equipment cooling teinpuriu-
ture controller and cabin and ventilation suit
temperature controller, provide for automatic
temperature control of the conditioned air. High
limit temperature switches automatically close
the valves in the bleed-air lines when the con-
ditioned air temperature reaches unsafe upper
limits.

The mass flow controller regulates the mass
flow control valve and subsequently controls the
airflow from the cooling turbine. The mass flow
control valve aids the dual temperature control
volve, which is located further downstream after
the water separator, to control cabhin tempera-
ture. Operation of this component is discussed
ldler,

Cabin air conditioning is controlled automa-
tically or manually by manipulation of the
switches and the thumbwheel control variable
resistor located on the air-conditioning master
control panel,

In the automatic mode of operation, the air-
conditioning master switch Is positioned at
NORM, the COCKPIT switch ON, and the MAN/
RAM AIR switch at AUTO. The cabin tempera-
ture desired is manually selected by adjusting
the AUTO TEMP CONT thumbwheel, Tempera-
ture will be maintained within a range of 55° to
85° F. Temperature sensors in the cabin and
cabin air duct transmit temperature signals
through the cabin and vent suit temperature con-
troller to the dual temperature control valve.

The sensors, one in the cabin and one in the
ducting, sensge antual cockpit temperature and
the duct temperature of incoming conditioned
alr, The sensors thus provide the correct error
signal through the controller to the dual tempera-
ture control valve and open andclose the hot and
cold line valves to provide automatically regu-
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lated temperature. If the cabin air supply duct
temperature exceeds 280° F, it is detected by
the cabin duct dual temperature sensor, which
causes the cabin duct thermal switch to close.
The switch closing causes the dual temperature
control valve to cycle to the full cold position.
The system will be returned to automatic con-
trol when the temperature is reduced to less
than 280° F.

Manual control is accomplished by means of
the MAN/RAM AIR switch, Moving this switch
from the HOLD position to HOT or COLD con-
trols the flow of conditioned air to the cockpit
by altering the position of the dual temperature
control valve., Positioning of the switch at HOT
or COLD is momentary and the cocling-air flow
will increase or decrease only as long as the
switch is held in position. When released, it
returns to the HOLD position and the dual tem-
perature control valve will remaininthe selected
position.

Ram-air cooling/ventilation is selected by po-
sitioning the COCKPIT switch at RAM AIR. This
closes the cabin bleed-air shutoff valve and cy-
clesthedual temperaturecontrol valve to the full
hot position, effectively shutting off all flow of
conditioned air to the cockpit compartment, Posi-
tioning of the MAN/RAM AIR switch momentarily
to HOT or COLD with the cockpit switch at the
RAM AIRpositionopensor closesthe cabin ram-
air valveto increaseordecrease the flow of ram
air into the cockpit.

The air usedtocool or heat the cockpit enters
at sufficient pressure to provide cockpit pres-
surization. Automatic cockpit pressurization
begins at 8,000 feet (barometric altitude), As
the aircraft climbs, the cabin pressure regula-
tor maintains the cockpit pressure at the 8,000~
foot pressure level until a pressure differential
of 5 psi between cockpit pressure and ambient
pressure is reached. Thereafter, a constant dif-
ferential of 5 psiis maintained, If the cabin pres-
sure regulator should fail, the cabin safety valve
automatically limits the differential pressure to
8.5 psi, The CABIN DUMP switch, which is lo-
cated on a separate control panel in the cockpit,
permits either crewmember to manually dump
cabin pressure. This switch operates the cabin
dump valve, whichdumps cabin pressure through
the cabin safety valve,

Equipment Cooling Subsystem
The equipment cooling subsystem, which

hranches off from the pressurization and air-
conditioning system and is illustrated in figure

R
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5-2, prevides cooling for the aircraft’s elec-
tronic equipmeut. Cooling is accomplished by
means of ducting ram air to the right forward
(shoulder) and aft electronic equipment com-
partments; by means of moist, cooled bleed air
ducted to these same compartments; by means
of pressure regulated, temperature controlled
bleed air ducted directly to the chassis of the
aircraft’s ballistics computer set and transmit-
ter modulator; and by means of exhaustair from
the computer and the cabin ducted tothe chassis
of electronic equipment located inthe nosewheel
well and nose compartment of the aircraft.

Equipment cooling system operation is com-
pletely automatic when either or both engines
are running and the AIR COND MASTER switch
is at NORM.

Ram air is the primary means of ventilatio:
for the forward and aft equipment compartments.
When the aircraft is in flight, the equipment
cooling valve is closed and the forward and aft
electronic equipment compartment ram-air
valves are oper~d, causing these two compart-
ments to be ram air venti.rted. If the ambient
alr temperature become: excessive (above 136°
F), the equipment coolir:; valve will open and the
ram=-air valves will clc~e. This permits moist,
cooled bleed air to flow into these compartments
and insure adequate cG.i:ng levels to prevent
damage to equipment.

On the later model A-6’s, cooled bleed air
from the cooling turbine passes through asepa-
rate equipment cooling water separator, where
80 to 90 percent of its moisture is removed,
This air then passes through apressure regula-
tor and on to the ballistics computer set. Cooling
air to the communications navigation and inter-
rogation (CNI) equipment is supplied from the
cabin water separator and is not pressureregu-
lated.

The temperature of the cooled bleed air sent
to the ballistics computer set and the trans-
mitter modulator is automatically regulated by
the computer temperature control valve, which
controls the mixing of hot and cooled bleed air
in response to signals sent from computer tem-
perature sensors through the equipment cooling
temperature range control box and the defog
and equipment cooling controller,

When the computer and the track rardar ure
turned off, hleed air to the computer i€ main=-
tatned at 90° F, If the aircraft is below 21,000
feet altitude and the computer and/or track
radar is turned on, the cooling temperature is
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maintained at 65° F. Above 21,000 feet altitude,
the cooling-air temperature is maintained at40°
F.

An overheat safety feature is provided inthe
computer temperature control valve circuit. If
computer duct temperature exceeds 150° F,a
thermal switch opens, deenergizing the circuit
to the temperature cont:~( valve, which closes
by internal spring actic'. "i.is action prevents
hot bleed air from flowing 4. - allowsuncontrolled
cooled bleed air to be ducted to the computer.
A caution light on i..e cockpit annunciator cau-
tion light panel indicates to the pilot that an
overhea! conditicn exists whenducttemperature
exceeds 150° F. If the duct temperature drops
below 150° F, the caution light will go out. Mo-
mentarily placing the CMPTR EMER COOL
(computer emergency cooling) switch (fig, 5-1)
to the RESET position energizes the circuit be-
tween the electrical components and the tem-
perature control valve which opens, andautoma-
tic temperature control is resumed.

If the computer overheat caution light should
cycle on and off, indicating a constant overheat
gituation, the computer temperature control
valve can be permanently closed during the re-
mainder of the flight by placing the CMPTR
EMER COOL switch to the ON position. This
again allows uncontrolled cooled bleed air tobe
ducted to the ballistics computer,

Since the inertial platform, located in the
nosewheel well compartment, and the electronic
equipment, located in the nose compartment,
do not need to be held at a fixed temperature,
exhaust air from the cabin and the ballistics
computer is used to cool this equipment, The
exhaust air from these units passesintothe nose
compartment, then into the nosewheel well com=-
partment and is dumped overboard.

The sonic venturis, located in the computer
outlet ducts and the transnitter modulator inlet
duct, limit the flow of cooling air through these
units,

Equipment Pressurization

Some high-voltage avionics equipment must
be pressurized during operationathighaltitudes
to prevent arc-over. This {9 caused by the re-
duced dielectric (capable of sustaining an elec-
trical field) strength of the air as it becomes
less dense., The equipment pressurization sys-
tem up to the point where it connect:t. the elec-
tronic equipment {8 the responsibility of the
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Figure 5-2.—Equipment cooling system (A-6A).
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AME. Components or plumbing directly asso-
ciated with or an integral part of the electronic
equipment are the responsibility of the avionics
rating (AQ, AT, etc.) that maintains the specific
equipment involved.

Figure 5-3 illustrates the equipment pres-
surization subsystem associated with the air-

conditioning and pressurization system dis-
cussed previously and illustrated in figure 5-1,
Air for the equipment pressurization subsystem
is partially cooled air taken from the auxiliary
section of the ram-air heat exchanger.

The air first passes through a check valve
which prevents reverse flow and isolates the
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Figure 5-3.—Equipment pressurization s ",
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equipment pressurization system when an ex-
ternal air supply Is being used during ground
furctional tests. Air pressure is controlled b
a 30-psi and a 21-psi regulator, each controll-
ing pressure to specific equipment. The 30-psi
regulator maintains an outlet pressure of 28-32
psi by means of its spring-loaded diaphragm.
When pressure reaches the upper limits, the
diaphragm moves upward, shutting off the inlet
port.

The air used for equipment pressurization
must be dry. This is accomplished by using a
chemical dehydrator intheline downstream from
the 30-psi regulator. The dehydrator uses a
molecular sieve desiccant to remove the mois-
ture. A small quantity of silica gel crystals is
installed in the dehydrator behind a glass window
to provide a visual indication of the dehydrator
condition. When the crystals lose their normally
deep blue color and change to light blue, the
dehydrator must be removed and reactivated.
The color change of the crystals is a gradual
process and normally starts at the bottom area
of the window and gradually spreads over the
entire window area. Any variation in the uni-
formity of the deep blue color is sufficient cause
for removal and reactivation of the dehydrator.

NOTE: Reactivation is accomplished by uti-
lizing special support equipment that allows up
to 8 dehydrators to be reactivated at one time.
Alir at approximately 400° F is allowed to flow
through the dehydrators under sealedconditions
which remove all moisture and return the crys-
tals to their deep blue color. Reactivation gen-
erally requires about 3 hours.

Alr leaving the dehydrator divides into two
branches. Air going to the junctionbox, scanner,
transmitter modulator, and the connecting wave-
guide passes through the 21-psi regulator which
maintains an outlet pressure. of 21+ 2 psi,

NOTE: . waveguide is basically defined as
a metal tube or cylinder which transmits elec-
tromagnetic waves through its own interior. It
guides the direction of such waves and may be
filled with alr or gas, or evacuated.

The check valve located downstream of the
21-psi regulator prevents pressure 108s by re-
verse flow through the components.

Gage fittings are lastalled in the system to
provide for ground testing of the two regulators.
The ground test fitting upstream cof the 30-psi
regulator is provided for applying an exte:r:’
air supply.

The waveguide pressure switchlocateddown-
stream: of the 21-psi regulator warns of under-

pressurization of the waveguide and consequent
system malfunction. Anunderpressure condition
causes the switch to place the waveguide ina
standby (no transmit and receive) condition,
thereby preventing avionics system damage.

A description of some of the principal com-
ponents in a typical system is provided in the
following section.

COMPONENTS

Ducting

In most pressurization and air-conditioning
installations, two types of ducting are used.
High-pressure (stainless steel/titanium)ducting
is used from the engine compressor to the re-
frigeration unit. The remainder is generally
low-pressure (aluminum alloy) ducting. Low-
pressure ducting is also used in the ram-air
lines.

Since bleed-air temperatures may reach as
high as 800° F, high-pressure ducting is gen-
erally insulated, as shown in figure 5-4. Ex-
pansion bellows are also usually incorporated
to take care of expansion and contraction of the
ducting due to temperature changes.

A check valve is incorporated in this section
of the ducting to prevent sudden depressuriza-
tion of the cockpit should a flame out occur.
Figure 5-4 illustrates the correct method of
installing one type of check valve,

Low-pressure ducting is rarely subjected to
pressures greater than 12 psi; however, iInsome
systems a relief valve, set to relieve at 8 to 10
psi, is incorporated.

High-pressure ducting may also be equipped
with a relief valve or pressure limiter to con-
trol the pressure of air going to the heat ex-
changer and turbine.

Both low= and high-pressure ducting equipped
with flanges utilize some sort of spacer or seal
in mating the flanges to each other or to com-
ponents. Always install thetype of seal or spacer
specifically called for in the applicable illus-
trated parts breakdovm. The removal and in-
stallation procedures in the applicable Mainten-
ance Instructions Manual will also normally
list the correct part numbers of consumable
items, such as seals and spacers, required in
completing a specific maintenance procedure.
The seals on the high-pressure connections are
generally made of metal (copper or aluminum)
to withstand the high temperature of the bleed
air. Low-pressure connections generally utilize
O-rings.
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Shutoff Valves In this arrangement, when the pilot selects ram

air, the ram-air section of the valve opens and

Shutoff valves are installed inboth the bleed- the bleed-air section closes. When conditioned

air ducting and the ram=-air ducting. Insome in- air is selected, the bleed-air section opens and

stallations the two valves operate together, being the ram-air section closes. This type of shutoff

powered by a common motor and actuator. Figure valve is generally referrcd to as a dual-air
5-5 illustrates a dual arrangement shutoff valve. valve.

SuP" POSITION ON (ot
VALVE MUST BE UP

VIEW LOOKING FORWARD AT
CHECK VALVE

CHECK VALVE INSPECTION

INSULATION .

HIGH
PRESSURE
AIR DUCT

MOUNTING

T _—
BRACKE B —
HIGH TEMPERATURE SPACER

DUCT (NSTALLATION

|
AM. 84
Figure 5-4.—High-pressure ducting.

118

125




Chapter 5—PRESSURIZATION AND AIR-CONDITIONING SYSTEMS
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Figure 5-5.—Shutoff valve (dual-air ‘type).
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The valves are made of corrosion resistant
steel castings and welded or riveted fabrica-
tions to withstand the high bleed-air tempera-
tures encountered.

The cabin bleed-air valve in the system
illustrated in figure 5-1 provides an example
of a piston type shutoff valve. (See fig. 5-6.)
This valve has 1-inch inlet and outlet ports and
is a pneumatically operated, solenoid controlled
in-line poppet valve. It controls the flow of hot
engine bleed air to the dual temperature control
valve. The shutoff valve operates in conjunction
with the dual-air temperature control valve to
shut off cabin air conditioning when the COCKPIT
switch (fig. 5-1) is placed at either OFF or RAM
AlR.

When the solenoid is energized, the plunger
is pulled up, compressing the plunger spring
and removing tension from the ball check. The
ball is forced into its upper seat by bleed air.
The vent from the downstream side of the
piston to ambient is sealed, allowing bleed-air
pressure to be routed to the backside of the
piston. As the combined bleed-air pressure and
spring pressure against the pistonovertakes the
inlet bleed-air pressure, the valve closes.

When the solenoid is deenergized, the plunger
spring forces the plunger down, pressing the ball
check onto its lower seat. Bleed air to the
backside of the pistonisblocked and the backside
of the piston is again vented to ambient. When
the pressure on the backside of the piston has
dropped sufficiently, bleed-air forces the piston
back against its spring pressure, opening the
valve.

The bleed-air shutoff valves are normally
designed with some type of heat shielding between
the hot air portion and the electrical portion of
the valve to protect the electrical components
from the high bleed-air temperatures.

Temperature Control Valves

The temperature control valve is a dual type
valve similar to the shutoff valve illustrated in
figure 5-5. It is an important component in any
air-conditioning system. Its function is to mix
hot engine bleed air with cooled bleed air for
cabin air conditioning.

There are two methods by which the tem-
perature control valve receives its information.
One method is through the temperature sensors
located in the cockpit and in the ductsleading to
the cockpit. These thermistors (thermal re-
sistors) change values with temperature
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changes, thus changing the signal values being
sent to the temperature controllers within the
system. The controllers constantly reposition
the valve to maintain the desired cabin tempera-
ture. This method is fully automatic; and once
the desired temperature is selected by the pilot,
the temperature control valve will be modulated
to maintain this condition.

The other method of temperature control is
by manual selection. With this method, the pilot
actuates the valve manually, through remote
controls, to the position he desires.

In some installations, the temperature con-
trol valve may be identified by some other name;
for example, miXing valve, bypass valve, modu-
lating valve, or proportioning valve. All of these
perform basically the same function and operate
on a similar principle. Almost all temperature
control valves and shutoff valves have position
indicators that indicate the relative position of
the valve and allow the maintenance man to
observe that the valve position corresponds with
the actual control settings selected.

Refrigeration Units
Cooling of the hot bleed air is accomplished

by a refrigeration unit composed of a main and -
an auxiliary {(air-to-air) heat exchanger, a mass

SOLENOID ENERGIZED
(FULL CLOSED POSITION)

SHIMS

AM.1132
valve,

f‘igure 5-6.—Cabin bleed-air shutoff
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flow control valve, and an air expansion tur-
bine. Cooling of the air may therefore be called a
two-phase process.

The first phase of temperature reduction
takes place as the hot bleed air pcsses throigh
the thin-walled tubing of the main and auxiliary
heat exchangers. Coolant (ram) air is drawn
around these tubes by the turbine-driven axial-
flow fan. The heat exchangers use common inlet
and outlet ducts for cooling air.

The design and the construction of the heat
exchanger are such that a substantial portion of
the heat is transferred through the tubing walls
to the coolant air as it is drawn through the heat
exchangers. Figure 5-7 illustrates the flow of
engine bleed air and coolant (ram) air through
the heat exchangers. The heated coolant air is
dumped overboard. Partially cooled air from
the auxiliary heat exchanger is ducted to the
windshield washing and eqQuipment pressuriza-
tion subsystems.

Part of the partially cooledbleedairfromthe
"main heat exchanger is sent to the defogging
subsystem. The remaining partially cooled air
is directed through the mass flow control valve
to the cooling turbine for further cooling by the
extraction of work. The cooling turbine is turned
by the force of the partially cooled air impinging
on the turbine blades. The energy imparted to the
turbine wheel is absorbed by the coolant or
ram-air intake fan, which is mounted on the
same shaft as the turbine. The turbine turns at
a high rate of speed, and air passing through the
curved blades of the turbine wheel is expanded
with a resultant pressure drop slightlyabove the
pressure in the cockpit. The energy used in
turning the turbine wheel drops the temperature
as well as pressure of theair to design require-
ments. This cooled, slightly pressurized air is
then directed through the turbine outlet and into
environmental control system ducting.

Mass Flow Control Valve

The mass flow control valve regulates the
mass (volume) of air flowing to the turbine in
response to a pneumatic signal from the mass
flow controller. The valve modulates to aid the
dual temperature control valve in controlling
cabin temperature. As the signal entering the
reference regulator (fig. 5-7) increases, pres-
sure above the main actuator diaphragm also
rises and the mass flow control valve begins to
close. This reduces the flow to the turbine and
consequently flow to the environmental control

121

e

system. Pneumatic inlet pressure also flows to
one side of the secondary diaphragn and through
an orifice to the other side of the diaphragm.
If the temperature of the air flowing to the
turbine reaches a predetermined high limit, the
fusible plug (fig. 5-7) melts and vents the rear
side of the secondary diaphragm to the atmo-
sphere. The secondary diaphragm lifts off its
seat and inlet pressure acting on the main ac-
tuator diaphragm closes the valve. The chamber
behind the main actuator diaphragmis protected
from overpressurization by a relief valve that
discharges overpressure to atmosphere.

The manner in which the valve operates is
illustrated by the following typical sequence:
Assume that the cabin temperature is stabilized
and that the dual temperature control valve is
in the full cold position (cold butterfly open, hot
butterfly closed). As the aircraft changes alti-
tude, the cabin temperature decreases and the
cold butterfly starts to close. The increased
pressure caused upstream of the temperature
control valve is sensed by the mass flow con-
troller, which sends a pneumatic signal to the
mass flow control valve, driving it toward the
closed position. The turbine discharge flow de-
creases and temperature rises slightly. The
result at the cold butterfly of the temperature
control valve is a decreased flow of cool air at
a slightly increased temperature, which will
aid in the restabilization of the cabin
temperature.

Cockpit Air Outlets

The cockpit air is distributed by tubes which
on most aircraft run lengthwise on each side of
the pilot and contain a large number of small
holes from which air is directed. One set of
tubing is generally routed to permit discharge
of air at the pilot’s feet and another set of tubing
directs air to the legs and other body areas. On
most installations, several types of diffusers
provide proper distribution of air. Foot diffusers
normally consist of butterfly type valves which
are manually operated. Cabin air diffusers on
larger aircraft normally are louvereddiscs that
can be rotated 360° todirect air inany direction
as needed. Most are equipped so that air can be
shut off if desired when the air-conditioning
system is operating.

Face diffusers are normally eyeball type
socket devices that may be rotated 30° about
the neutral position by manually moving the
outlet in its socket. Airflowis initiated by pulling
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Figure 5-7.—Air cycle refrigeration unit.

outward on the lip of the outlet or turning it
counterclockwise,

Pressure Regulators

The pressure regulator of an air-conditioning
and pressurization system is designed to regu-
late the outflow of air from the cockpit or cabin,
thereby maintaining cabin pressure at adesired
pressure altitude.

The operation of a typical pressure regu-
lator may be considered in three ranges—the
unpressurized range, the isobaric range, and
the differential range. Figure 5-8 is a typical
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cabin pressure chart, showing these three ranges
of operation.

The UNPRESSURIZED RANGE may be de-
fined as the altitude range over which the cabin
pressure remains approximately equal to atmos-
pheric pressure. Inthe typical pressure schedule
shown, this range extends from sea level to
8,000 feet. For some aircraft, the unpressurized
range extends to only 5,000 feet, on some others
to 10,000 feet.

The ISOBARIC RANGE may be definedasthe
altitude range over which the cabin remains at
a constant pressure altitude. For example, in
the schedule shown in figure 5-8, cabin pressure
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Figure 5-8.—Typical cabin pressure chart,

remains constant from 8,000 feet altitude to
23,000 feet altitude. In other words, during this
range, cabin pressure remains equivalent to
atmospheric pressure at the 8,000-foot level.

The DIFFERENTIAL RANGE may be defined
as the altitude range over which a constant dif-
ference between cabin pressure and atmospheric
pressure is maintained. In the schedule shown
in figure 5-8, a differential of 5 pst is main-
tained from 23,000 feet altitude to the maximum
altitude of the aircraft. Ag an exaran'e, assume
that the aircraft is flylne - o 35.000
feet. Outside atmosp:« at this
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altitude is 3.5 psi and cabin pressure is 8.5 psi,
a differential of 5 psi. Now assume that the
aircraft climbs to an altitude of 40,000 feet.
Outside atmospheric pressure at this altitude is
2.8 psi, and cabin pressure is 7.8 psi, the
differential remaining at 5 psi.
OPERATION.—A typical pressure regulator
is shown in figure 5-9. The regulator consists
of two sections—the head and reference chamber
(control chamber) and the outflow valve and
diaphragm section. The regulator is automat-
ically controlled by utilizing air from the cabin.
Cabin air enters the reference chamber through
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the air orifice and filter to cstablish a reference
pressure. The balance chamber between the
outflow valve and the balance diaphragm pneu-
matically balances the outflow valve, thus the
outflow valve will open or close as reference
pressure increases or decreases through the
various modes of operation,

Unpressurized Operation.—Figure 5-10 (A)
shows the pressure regulator in unpressurized
operation. During this range of operation, ref-
erence-chamber pressure is sufficient to allow
the evacuated isobaric bellows to remain con-
tracted, thus holding the isobaric needle valve
in the open position. Cabin air is bled into the
reference chamber through the filter andorifice
and flows out through the open needle valve and
vent line to atmosphere. Since the filter orifice
is smaller than the isobaric needle valve vent,
pressure in the reference chamber is less than
cabin pressure. This causes the actuator
diaphragm to move toward the low-pressure
side, opening the outflow valve and allowing the
cabin air to flow to atmosphere until the pres-
sure differential between the cabin and atmo-
sphere approaches zero.

Isobaric Operation.-Isobaric operation of
the pressure regulator is shown in figure 5-10
(B). As the isobaric altitude is approached, the
pressure in the reference chamber decreases.
This results in the evacuated isobaric bellows
expanding and moving the needled valve towards
its seat. The expansion of the isobaric bellows
is aided by the tension of the isobaric calibrat-
ing spring. The needle valve moving towards its
seat tends to close off the vent from the ref-
erence chamber to atmosphere. This action of
the needle valve prevents further decrease in
reference-chamber pressure and maintains the
chamber at a substantially constant pressure
throughout the isobaric range of operation.
Since reference-chamber pressure is held at a
constant value, any decrease in cabin pressure,
as the aircraft ascends, results in a movement
of the actuator diaphragm toward the low-pres-
sure side. This moves the outflow valve toward
the closed position, restricting the flow of cabin
air to atmosphere until cabin pressure is stabil-
ized at the calibrated constant isobaric value.

Differential Operation.—As the aircraft as-
cends to the upper limits of altitude at which the
regulator is calibrated to maintain isobaric
control, the differential pressure between the
cabin and atmosphere approaches the maximum
calibrated value. Also, the differential pressure
between the reference chamber and atmosphere
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becomes great enough to result in the differential
diaphragnm moving and opcning the differential
needle valve. Asthe aircraft continues to ascend,
the opening of the differential needle valve takes
over control from the isobaric needle valve
which is now virtually closed (fig. 5-10 (C)).
Since action of the differential diaphragm is a
result of the differential pressure between the
reference chamber and atmosphere, the posi-
tioning of the needle valve holdsthisdifferential
constant and consequently maintains a constant
differential pressure between the aircraft cabin
and atmosphere.

REMOVAL AND INSTALLATION.—The
pressure regulator must be replaced if it is
found to be defective during troubleshooting. The
specific Maintenance Instructions Manual should
be consulted before replacing the regulator.
The following steps will aid in its removal:

1. Turn off aircraft electrical power.

2. Remove access panels from the wing.

3. Disconnect bleed-air line, pressure sens-
ing line, and pressure manifold from valve,

4. Remove bolts, nuts, and washers that se-
cure valve to bracket assembly and remove
valve.

Reverse the steps when installing the new
regulator, After the regulator hasbeen installed,
an operational check must be made.

Cabin Air Pressure Safety Valve

The purpose of the air safety valve isthree-
fold. It acts as an automatic pressure relief
valve in case cabin pressure exceeds the estab-
lished limits, It acts as an automatic vacuum
relief valve in case cabinpressure becomes less
than atmospheric pressure. It serves as ameans
of dumping cabin pressure in the event de-
pressurization is desired.

The safety valve used on most pressurized
aircraft is similar to the one shown in figure
5-11. The valve is a normally closed, pneumat-
ically operated and controlled, fully automatic
unit that can be electrically activated to the
dump position, NOTE: The dump feature in
some safety valves may be manual.

OPERATION.—Most cabin air pressure
safety valves operate in a manner similar to the
following. NOTE: The pressures may vary
slightly in some cases.

Pressure relief occurs when the cabin pres-
sure is allowed to exceed atmospheric pressure
by 5.4 psi. At this point, cabin pressure over-
comes the combined forces of atmospheric
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Figure 5-9.—Cabin pressure regulator.

pressure and spring tension in the control
chamber, moving the metering valve back against
the calibration screw. When forced against the
calibration screw, the metering valve opens,
allowing reference-chamber air to escape
through the outer compartment to atmosphere.
As air is drained from the reference chamber,
the force of cabin pressure against the outflow
valve overcomes spring tension and moves it to
the open position, allowing cabin air to flow to
atmosphere. The rate-of-flow of cabin air to
atmosphere is determined by the amount the
cabin-to-atmosphere pressure differential has
been allowed to exceed the 5.4 psi calibration
point. As cabin pressure is reduced to below
5.4 psi, the forces opening the valve will be
proportionately reduced, allowing it to return
to the normally closed position.

Vacuum relief occurs when atmospheric
pressure exceeds cabin pressure by 0.25 psi.
At this point, the force of atmosphericpressure
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against the external surface of the outflow valve
causes the valve to open and allows air to flow
into the cabin.

In addition to the automatic operating pro-
visions just described, the valve includes pro-
visions for electrical activation to the dump
position. This is accomplished by a passage in
the head that allows reference-chamber air to
vent directly to atmosphere. The flow of air
through the passage is controlled by aball check
valve and an air solenoid valve. The solenoid
valve is spring loaded to a normally closed
position. When the solenoid valve is opened
by positioning the cockpit pressure switch to
RAM EMER, air flows from the reference
chamber, decreasing the reference pressure and
allowing the outflow valve to open and dump
cabin air.

Manual dumping of cabin pressure in the
typical air-conditioning and pressurization sys-
tem (fig. 5-1) i1s accomplished in a similar
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Figure 5-10.—Pressure regulator operation.

manner except that the solenoid-operated dump
valve is not an integral part of the cabin safety

valve. A line from the reference chamber con-
nects to the inlet of a separate dump valve
which is normally at the closed position. Placing
the cabin dump switch to ON ventsthe reference
chamber through the dump valve, and cabin
pressure is able to unseat the cabin safety valve
and dump overboard in much the same manner
as illustrated in figure 5-11.

Water Separators

Water separators in both the cabin and equip-
ment cooling systems providenecessary humid-
ity control for cooled air entering the cabin and
electronic equipment. Figure 5-12 illustrates
the two types of water separators utilized in the
typical air-conditioning and pressurization sys-
tems (figs. 5-1 and 5-2}.

The cabin water separator removes entrained
water from the refrigerated air discharging
from the cooling turbine of the air cycle refri-
geration unit. The separator removes water
particles by combining small water particles in
the air, then separating the larger, heavier
particles from the airstream by centrifugal
force. Air enters the separator, passes through
a fiber glass condenser, and is swirled as it
passes through the closely spaced swirl vanes
of the condenser support. The water particles
in the swirling air, being heavier, are thrown
outward against the walls of the collector. The
collector is a perforated cylindrical shell that
divides the outlet shell into inner and outer
chambers. The water droplets pass through the
collector to the inactive outer chamber, collect
in the sump, and then drain overboard through
the drain boss on the bottom of the sump.

If foreign material clogs the condenser, the
decreased airflow through the condenser will
cause a differential pressure across the bypass
valve, which is located in the inlet of the con-
denser support. When the differential pressure
exceeds the force of the bypass valve load spring,
the valve opens and air passes through the
valve instead of the condenser. This bypassing
action insures a flow of air to the cabin, ven-
tilation suits, and electronic equipment. Lack
of proper cooling would be more detrimental
than the introduction of cool, humid air.

The equipment cooling water separator works
in a similar manner. As air enters the inlet of
the separator, it passes through a two-stage
coalescer which merges entrained moisture into
large water droplets. The air then passes through
the swirling vanes (blade) and the centrifugal
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MAINTENANCE AND INSP=CTION

Very little maintenance is required on most
pressurization and air-conditioning systems
other than making therequired periodic inspec-
tions and operational checks. Many of the com-
ponents are repairable at the Depot level of
maintenance rather than at lower levels of
maintenance because of the high cost of special
equipment required for making adjustments nec-
essary to proper operation,

In most instances, a maladjusted or mal-
functioning component must simply be removed
and replaced. There are, however, certain com-
ponents which require periodic servicing, clean-
ing, and inspection so that the component will
function properly and efficiently and may be
considered reliable for flight. The maintenance
considerations and requirements discussed in
this section are general in nature and should be
performed as applicable. Specific requirements
are listed in the daily, postflight, special/condi-
tional, and calendar Maintenance Requirements
Card (MRC) decks as well as the Maintenance
Instructions Manual for each aircraft as
applicable.

Pressure Regulators

Close attention should be given the cabin
pressure regulator since this unit may be con-
sidered the ‘‘brain’’ of the pressurization Sys-
tem. Some Maintenance Instructions Manuals
and MRC’s indicate that the internal filter found
in most pressure regulators be removed and
cleaned periodically. A solvent such as tri-
chloroethylene is recommended for removing
any foreign matter which has accumulated in the
filter. The filter should be allowed to dry
thoroughly before reinstalling. On some types
of regulators, removal of the filter would re-
quire partial disassembly, which may be pro-
hibited. Consult the applicable MIM in each case.

The outflow-valve faces must be cleaned
periodically. Since all cabin air must flow
through the outflow valve, nicotine tars andother
foreign particles will accumulate on the valve
faces. This may cause the valve to stick in
the closed position. Both faces of the valve
should be wiped clean with a clean soft cloth
saturated with solvent. In most cases the regu-
lator will have to be removed from the aircraft
to accommodate cieaning.
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Safety Valves

The filter and valve faces of the cabin safety
valve should be cleaned in the same manner as
those for the pressure regulator when applic-
able. The bleed orifice (fig. 5-11) should be
cleaned periodically by carefully inserting a
length of ‘‘tag wire’’ into the bleed hole and
running it back and forth through the orifice.

Shutoff and Temperature
Control Valves

Shutoff and temperature control valvesinthe
prcssurization and air-conditioning system
siould be checked for binding of the butterfly
(or gate) and for loose, bent, binding, or broken
linkage. All valves should be checked for secu-
rity of mounting and for loose conrections.

Any appreciable leakage through a shutoff
valve is an indication that the valve should be
investigated and that corrective action may be
necessary.

The trave! limits of a shutoff valve actuator
should be checked at the first indication of mal-
functioning. When valve malfuiction is sus-
pected, the travel scquence should be checked to
determine if the valve is fullv clcsed when the
cockpit control is piaccd in the OFF position
and fully openn when the contrel is in the the ON
position.

The relative position of the temperature con~
trol valves should be munitored in manual and
automatic modes of operation by observing their
position indicators as various temperature
ranges are selected. Failure of the valve to
work in the automatic mode may be due to tem-
perature controller malfunctioning rather than
an inoperative valve. Operation of the valve in
the manual mode will verify proper operation of
the drive motor and gear train and freedom of
the butterfly valve to change position, thus
isolate the trouble to the temperature controller
and associated temperature sensors.

It should be remembered that actuators and
other electrically actuated components are the
responsibility of the electric shop; however,
these units may be checked for broken, loose,
or frayed electrical leads and security of mount-
ing by a qualified AME. The importance of the
AME and AE working together cannot be
overstressed.

Refrigeration Units

The Maintenance Requirements Cards for
some aircraft require periodic inspecticn of the
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Figure 5-12,—Water separators.

refrigeration unit for ‘atigue cracks, corrosion, unit. Any damage that could result in failure or
dents, and the general integrity of the complete malfunction of the unit is cause for removal.

129

136



AVIATION STRUCTURAL MECHANIC E 3 & 2

CAUTION: When removing most refrigeration
units, it is important to keep the unit in the
upright position to prevent {nternal oil leakage,

Always cap or cove: all openings in the sys-
tem and the unit itself during removal and
ingtallation. Cleanliness is of the utmost Im-
portance, Foreign particles will cause damage
to moving parts of thr frigeration unit or
valves to malfunction, turbine turns at a
very high rpm and damage to the vanes could
cause it to fail and pc:«. bly fly apart,

On some aircraft - :riodic lubrication of
the turbine(s) is reyuircd and the heat ex-
changer cores must be cleaned, Lubrication
should be in strict accordance with the in-
structions contalned in the aircraft Maintenance
n«tructions Manual and/or Maintenance Re-
~ents Cards., On sgome turbines the oll
level in the reservolr is checked with adipstick,
Never fill the reservoir abovethe recommended
level. Insure that the dipstick is clean prior to
checking the oll level.

In checking the oll for contamination, use a
clean syringe, drawing a sample of oil from
the bottom of the reservoir or sump. Deposit the
oill sample in a clean glass container and allow
it to settle. If any contamination such as water,
foreign particles, or unknown substance becomes
apparent, drain and refill the reservolr, Lubri-
cating oll conforming to Military Specification
MIL~L-8085A is recommended by most turbine
manufacturers,

Lubrication of the turbine utilized in the
typical air-conditioning and refrigeration sys-
tem (figs. 5-1 and 5-7) is performed in the
following manner:

Remove the drain plug and allow any con-
densation in the sump to draln out. Reinstall
the drain plug.

Remove the fill plug and fill the turbine sump
with not more than 180 cc of oil,

Allow 15-20 minutes for the oil to di:. .-ibute
properly in the sump.

Remove the drain plug and drain the oll,

NOTE: Cotton packing In the turbine as-
sembly will retaln the proper amount of oll for
lubrication. Approximately 20 minutes is re-
quired to properly drain off the excessive oil,
Ingerting a clean plece of wire approximately
1/2 inch into the cotton In the sump will facili-
tate drainage.

Install drain and fill plugs with gaskets and
lockwire,

The air-conditioning turbine ig lubricated
every 375 flight hours and is removed for high

li,ll'
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time overhaul when it has operated 750 flight
hours. A Scheduled Removal Component Card
(SRC), OpNav 4790/28A, which provides a com-
plete history of the turbine must accompany the
part when it Is turned in to material control for
ultimate shipment to the overhaul activity, In-
termediate level maintenance of the complete
refrigeration unit Is restricted to replacement
of miscellaneous parts listed in Spares and
Repair Parts Data found in section IV of the
applicable MIM,

Water Separator

"Maintenance of the water separators illus-
trated in figure 5-12 Includes replacement of
miscellaneous parts and periodic cleaning, both
of which can be accomplished at the Organiza-
tional malintenance level.

Cleaning requires disassembly and cleaning
of metal parts with drycleaning solvent. If the
condenser or coalescers andabsorber cartridge
are not defective, they may be cleaned using a
mild soap solution, rinsed, and dried with low-
pressure compressed air.

If the water separator is removedfrom serv-
fce for suspected malfunction, it is subjected to
a pressure leakage test and may be repaired to
a greater depth at the Intermedlate level of
maintenance, utilizing the same Fleld Parts Kit
that wasg available to the Organizational level
maintenance activity plus other parts of the
water separator available as individual items,

System Ducting

A leak in the ducting can prevent or reduce
cockpit pressurization and can overwork the
refrigeration unit, Leaks in the low-pressure
ducting can reduce alrflow to the defrosting
gystem and thus cauge impalired visibility, Leak-
age In the ram-air ducting and ram-air valve
can gerlously hamper proper operation of the
refrigerating system., Any leak will result in
a loss In efficlency and should be repalired
promptly, WARNING: A LEAK IN HIGH-PRES-
SURE DUCTING CAN RESULT IN FIRE OR IN
FAILURE OF STRESSED ALUMINUM STRUC-
TURE AGAINST WHICH LEAKING AIR IS
DIRECTED.

A varlety of clamping devices are utilized
in connecting alircraft environmental control
system ducting sections to each other or to
varifous components, Whenever lines, com-~
ponents, or ducting aredisconnected or removed
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for any reason, install suitable plugs, caps, or
coverings on the openings to prevent the entry
of foreign materials. Tag the various parts to
insure correct reinstallation. Care should be
exercised during handling and installation to
insure that flanges are not scratched, distorted,
or deformed. Flange surfaces should be free
of dirt, grease, and corrosion. The protective
flange caps should be left on the ends of the
ducting until the installation progresses to the
point where removal is necessary to continue
with the installation.

In most cases it is mandatory to discardand
replace seals and gaskets. Insure that seals and
gaskets are properly seated and that matingand
alignment of flanges are fittea so that excessive
torque is not required to close the joint and
impose structural loads on the clampingdevice.
Adjacent support clamps and brackets should
remain loose until installation of the coupling
has been completed.

Marman type clamps tommonly used in duct-
ing systems should be tightened to the torque
value indicated on the coupling. Tighten all
couplings in the manner and to the torque value
as gpecified on the clamp or in the applicable
Maintenance Instructions Manual.

INSTALLING CHECK VALVES.—- Whenin-
stalling check valves in the system ducting,
always install the valve with the arrow pointing
in the direction of airflow; and the word ‘““UP”’
printed on the valve in the up position.

INSTALLING FLEXIBLE CONNECTORS/
COUPLINGS.-—Some of the most commonly used
plain band couplings are illustrated in figure
5-13. When installing a hose between two duct
sections, as illustrated in figure 5-13, the gap
between the duct ends should be 1/8 inch mini-
mum to 3/4 inch maximum, When installing the
clamps on the connection, the clamp should be
1/4 inch minimum from the end of the connector.
Misalignment between the ducting ends should
not exceed 1/8 inch maximum.

When installing flexible couplings, such as
the one illustrated in figure 5-14, the following
steps are commended toassure proper securlty:

1. Fold back half of the sleeve seal and slip
it onto the sleeve.

2. Slide the sleeve (with the sleeve seal
partially installed) onto the line.

3. Position the split sleeves over the line
beads.

4, Slide the sleeve over the split sleeves
and fold over the sleeve seal so that it covers
the entire sleeve.
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5. Install the coupling over the sleeve seal
and torque to correct value.

NOTE: Torque values for the various sizes
and types of couplings may be found by referring
to the applicable Maintenance Instructions
Manual. Some couplings will have the correct
torque value marked on the outside of the band.

INSTALLING RIGID COUPLINGS.—To ease
installation in restricted areas, some of the
stiffness of the rigid coupling can be overcome
by tightening the coupling over a spare set of
flanges and gasket to the recommended torque
value of the joint, Tap the coupling a few times
with a plastic mallet before removing it.

When installing rigid couplings, follow the
steps listed below and illustrated infigure 5-15:

1. Slip the V-band coupling over the flanged
tube.

2. Place a gasket into one flange. One quick
rotary motion assures positive seating of the
gasket.

3. Hold the gasket in place with one hand
while the mating flanged tube is assembled into
the gasket with a series of vertical and hor-
izontal motions to assure the seating of the
mating flange to the gasket.

NOTE: View B of figure 5-15 illustrates the
proper fitting and connecting of arigid coupling,
utilizing a metal gasket between the ducting
flanges.

4, While holding the joint firmly with one
hand, [n8tall the V-band coupling over the two
flanges.

5. Press the coupling tightly around the
flanges with one hand while engaging the latch,

8. Tighten the coupling firmly with a ratchet
wrench, Tap the outer periphery of the coupling
with a plastic mallet to assure proper align-
ment of the flanges In the coupling. This will
seat the sealing edges of the flanges In the
gasket, Tlghten again, maklng sure the rec=-
ommended torque 18 not eXxceeded,

7. Check the torque of the coupling with a
torque wrench and tighten untll the specifled
torque is obtained.

8. Safety wire the V-band as illustrated in
figure 5-16 as an extra measure of security in
the event of T=-bolt fallure. If the nut on the
T=-bolt I8 drilled for saftying, extend the safety
wire to the nut so that It will pull on the nut in
a clockwise (tightening) direction. Most V-band
connectors will utllize a T-bolt with some type
of gelf-locking nut,
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MARMAN BAND CLAMPS TO
MARMAN BAND CLAMP BE USED IN TIGHT AREAS

AN737 BAND CLAMP FOR
AN737 BAND CLAMP STANDARD INSTALLATIONS

i/8-INCH MAXIMUM MISALIGNMENT

— <~ 1/8 INCH MINIMUM
3/4 INCH MAXIMUM

—o=| |*—1/4 INCH MINIMUM

AM. 1135
Figure 5-13.—Flexible line connectors.
Seals of rubber seals. A leaking scal will prevent
pressurization of the cockpit or cabin or give
Joints around doors, canoples, windows, and marginal pressurization, depending on its size.

all other openings are made airtight by the use All seals must therefore be inspected regularly
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for cuts, tears, cracks, and deterioration.
Damaged 3eals must be patched or replaced as
necessary.

Electrical Fallures

Since all pressurization and air-conditioning
systems have electrically controlled compo-
nents, maintenance of these systems must in-
clude the related electrical circuits in many in-
stances. Although an AE isgenerally called upon
to locate and correct electrical troubles, the
AME should be able to check circuits for loose
connections, and even perform continuity checks
when necesgary. A knowledge of electrical sym-
bols and the ability to read circuit diagrams is
therefore necessary. Figure 5-17illustratesthe
electrical symbols commonly found in sche-
matic diagrams.

SPLIT SLEEVE

COUPLING SLEEVE SLEEVE
/ / 7EAL
e Q” §s @ '
LINE BEADS

AM.91
Figure 5-14.~Installation of flexible line
couplings.

Loose connections are located by checking
all connectors in the circuit. A connector that
can be turned Ly hand is loose and should be
tightened handtight.

A continuity check I8 simply a matter of
determining whether or not the clrcuit to the
valve, or other electrically controlled unit, is
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complete. The check for continuity may be made
with a test lamp which can be drawn from
supply.

To perform a continuity check, the con-
nector at the electrically controlied unit isfirst
disconnected. Then, with all necessary switches
and circuit breakers closed, the test lamp is
connected into the circuit at the electrical con-
nector. The lamp thus {ndicates whether or not
the circuit {s complete.

Continuity checks may also be made withthe
use of a muitimeter. A multimeter {san instru-
ment used for measuring resistance, voltage, or
amperage. Jsing this instrument is primarily
the responsibility of the AE; however, the AME
may learn to use it by referring to Basic
Electricity, NavPers 10086-B, Chapter 15,
Remember, certain portions of this training
manual are recommended supplemental reading
for all AME personnel.

TROUBLESHOOTING

Troubleshooting is the process of locating a
malfunctioning component or other unit in a
system or mechanism. For the AME, trouble-
shooting is an important responsibility.

When a malfunction i8 reported concerning
any of the components or systems that are
maintained by the AME, he must be ahtle to
locate the trouble and correct the difficulty.

In order to troubleshoot intelligently, the
AME must be familiar with the system at hand.
He must know the function of each component in
the system and have a mental picture of the
location of each component in the system in
relation to other components as well as the
location of the component in the aircraft. This
can be best achieved by studying the installation
and schematic diagrams of the systems found in
the applicable Maintenance Instructions Manual.

Use of Diagrams

Each aircraft manufacturer is required to
furnish diagrams of the various systems found
in the aircraft as well as cross-sectional views
of components that will aid in understanding
their operation.

A diagram, whether it is an installation or
schematic diagram, may be defined as a graphic
representation of an assembly or system in-
dicating the various parts and expressing the
methods or principles of operation.
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M (2)

LATCH

GASKET FLANGE

HIGH-STRENGTH T BOLT

P A
COPPER GASKET FLANGE

(B)

‘_ | NUT

END VIEW
COUPLING
FLANGE

Figure 5-15.~Installation of rigid line couplings.

>
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LOCKWIRE wWITH
MS20995-NC40
2 STRANDS
MIN 3 TURNS
IN THIS AREA

AM, 1137
Figure 5-16,—~Safetying a V-band coupling.

INSTALLATION DIAGRAMS, —The top half of
figure 5-3 is an example of an installation dia~
gram. This is a diagram of the equipment
pressurization system. It identifies each of the
components in the system and shows their
location within the aircraft on this principal
view. If further detail was required, letters
on the principal view (A, B, etc.) would refer to
a detalled viewlocated elsewhere on the diagram.
Each detailed view is an enlarged drawing of a
portion of the system or a portion of a com-
ponent as applicable.

Diagrams of this type are used extensively
throughout all aircraft Maiutenance Instructions
Manuals and are invaluable to maintenance per-
sonnel in identifying and locating components in
the aircraft and understanding the operating
principle of the various systems,

SCHEMATIC DIAGRAMS.—Figure 5-1 I8 an
example of a schematic diagram of a typical
air-conditioning and pressurization gystem.
Diagrams of this type donot indicate the location
of the individual components in the aircraft, but
do locate the components with respect to each
other within the system. For example, the cabin
bleed-alr shutoff valve I8 not located next to
the dual temperature control valve In the air-
craft, The dlagram does Indicate, however, that
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hot engine bleed air flows from the cabinbleed~
air shutoff valve to the hot side of the dual
temperature control valve.

Schematic diagrams of this type are used
primarily in troubleshooting. Note that by re-
ferring to the legend in the diagram, the flow
of bleed air can be traced throughout the sys-
tem and the AME is abletodifferentiate between
plumbing sections that duct hot bleed air, cooled
bleed air, conditioned air, etc, Each component
is identified by a name, and its location within
the system can be ascertained by noting which
lines lead into and out of each valve or unit,

In tracing the flow of bleed air from the
engine, it can be seen that the first unit in the
line is a one-way check valve. The arrow on
the check valve indicates the direction of flow
through the valve. It Is fairly obvious that the
check valve is installed at thig point to prevent
bleed alr from one engine entering the opposite
engine in the event one engine is shut down.

Tracing the flow from the check valves the
AME can see that bleed air branches and goes
to the cabin bleed-air shutoff valve, to the
ventilation suit subsystem, to the defogging
subsystem, and to the alr cycle refrigeration
unit. It can be further seen that cooled bleed
air leaving the turbine goes to the equipment
cooling subsystem as well as to the cabin for
cooling. Some of the cooled air goes throughthe
water separator and some bypasses the water
separator. By tracing airflow throughout the
system and each component, the AME can gain
a better understanding of how the system is
designed to operate and will develop the ability
to identify proper or faulty operation of each
component when performing operational checks.

Schematic diagrams, like installation dia-
grams, are used extensively throughout all
Maintenance Instructions Manuals, By studying
each schematic dlagram thoroughly, the AME is
able to get a better understanding of the opera-
tion of the system and it8 components and can
therefore troubleshoot more effectively.

Troubleshooting Procedures

Troubleshooting procedures are similar in
practically all applications. The procedures
covered In this section are certainly adaptable
to almost all alrcraft systems, Auto mechanics
uge these steps to find and repalr automobile
malfunctions. The AME can use these proce-
dures to find and repair malfunctions within all
the aircraft system for which he ig regponsible.
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CONTACTS CONTACTS S DESIGNATES SOCKETS
AM,901

Figure 5-17.—Electrical symbols,

Basically, there are seven distinct steps to
follow during troubleshooting, These steps are
as follows:

1, Conduct a visual inspection, This inspec-
tion should be thorough and searching—checking
all lines, linkages, and components for obvious
damage; cvidence of leakage, looseness, secu-
rity, material condition, andproper installation;
and servicing when applicable.

2. Conduct an operational check. The mal-
functioning system or subsystem is checked for
proper operation. This may be accompl uh¢ d by
utilizing speclal support equipment suc.. a8 the
environmental control test set covered later in
this section or by utilizing aircraft pow~r and
equipment with the engines running. Each air-
craft Maintenance Instructions Manual provides
the steps to be taken in performing the opera-
tional checkouts of all the alrcraft’s systems.
The operational checks and troubleshooting
charts for each system are numbered 80 that
when a malfunction occurs during a step in thie
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operational checkout, the malfunction can be
loc ited under the same step number in the
troubleshooting chart. The troubleshooting chart
will provide a list of the most probable causes
of the malfunction in the order of probability,
alorq with a recommended remedy. In any case
the . VE must check the system out thoroughly,
obseir'ving proper operation, sequence of events,
ete, {(Table 5-1 provides an example of a page
frorn  he troubleshooting chart for the com-
por. .. of the pressurization system illustrated
ir rure 5-1,)

. Classify the trouble, Malfunctionsusually
{ull wnto the basic categories—electrical, me-
chaalical, and/or improper Installation, Using
the Information acquired in steps 1 and 2, the
AME determines under which clasgsification the
malfunction occurs. Proper use of the test get
or a multimeter will additionally verlfy that the
trouhle is electrical or mechanical, Use of the
Maintenance Ingtructions Manual when perform-
ing ali maintenance tasks should prevent
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Table 5-1.—Troubleshooting cabin pressurization.

Probable cause

Isolation procedure

Remedy

STEP 25 TROUBLE: CABIN PRESSURE IS LESS THAN 5.4 PSI

Inadequate air supply. I Check external air supply.

Cabin safety valve.

Cabin dump valve.

Canopy seal.

Replace cabih safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

Replace cabin dump valve with one
known to operate properly. (Refer
to paragraph 3-111.)

Refer to Escape and Survival Sys-
tems, NavAir 01-85ADA-2-2.3,

Adjust external nir supply.

If normal operation results
after replacement, use
new valve.

If normal operation results
after replacement, use
new valve.

STEP 25 TROUBLE: CABIN PRESSURE IS GREATER THAN 5.6 PSI

Cabin safety valve,

Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 3-108.)

If normal operation results
after replacement, use
new valve.

STEP 25 TROUBLE: CABIN PRESSURE FLUCTUATES

Cabin safety valve.

Replace cabin safety valve with one
known to operate properly. (Refer
to paragraph 2-108.)

If normal operation results
after replacement, use
new valve,

STEP 26 TROUBLE: FLOW RATE EXCEEDS 3.5 POUNDS PER MINUTE

Cabin safety valve.

CCanopy seal,

Defective siructural
sealing.

STEP O TROUNTE

witnh sefety vty

Cabin dump valve.

Replace cabin safety valve with one
known to operate properiy.
(Refer to paragraph 3-108.)

Refer to Escape and Survival Sys-
tems, NavAir 01-85ADA-2-2.3.

Check for leaks where wire bundles,
ducts, and tubing enter cockpits.

If normal operation results
after replacement, use
new valve.

Reseal where necessary
and repeat step 23, para-
graph 3-102,

CABIN PRESSURE INCREASES TO MORE THAN 0.5 PSI

Replace cabin safety valve with one
known to operaie properly. (Refer
to maragraph 3-108.)

Replace cabin dump valve with one
known to operate properly. (Refer

to paragraph 3-111.)
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If normal operation re-
sults after replacement,
use new valve.

If normal operation re-

sults after replaccment,

use new valve.
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Table 5-1, —Troubleshoonng cabin pressure—Contmued

STEP 48 TROUBLE

05PSI

STEP 49 TROUBLE

Isolation procedure

Troubleshootmg procedure is the
same as that listed under STEP 28
TROUBLE: CABIN PRESSURE
INCREASED TO MORE THAN

Remedy

CABIN PRESSURE INCREASES TO MORE THAN 0.5 PSI

Leakage at the ducts,
couplings, plenum-pallet
gasket connections, rubber
grommets, or plenum relief
valve.

PRESSURE GAGE READS LESS THAN 2.0 INCHES OF WATER

Check system for leakage,

Disconnect air supply and
stop leakage by realigning
or resealing, and repeat
step 46, paragraph 3-102.

improper mstallatlon Somethmg affectmg the
flow of gas or liquid (as could be the case in the
vapor cycle air-conditioning system, covered
later in this chapter) could be classified as a
comblination electrical/mechanical failure, Most
mechanical failures should be found on the vis-
ual inspection; however, drive shaft failure on
some of the air-conditioning valves is not readily
apparent until the valve is operated, In some
cases it may even be necessary to disconnect
the valve from ductingso that the butterfly valve
can be observed through the end opening. The
position indicator on sonie valves can indicate
thatthe valve is changing positions, which would
be a false indication if the shaft was broken
after the indicating mechanism, or ifthe butter-
fly valve was damagedG in such a manner that
the shaft would rotate without actually reposi-
tioning the valve.

4, Isolate the trouble, This step calls for
sound reasoning, and a full and coniplete knowl-
edge of how each component and the system
should operate. During this step, the AME can
make full use of his knowledge as well as full
utilization of the system schematics to traw
system operation and systematically ¢liminate
components, until he arrives at a reasonable
conclusion concerning the cause of the mal-
function based on facts and deductive reason-
ing. Usually the trouble can be pinned down to
one or two areas. By checking these individual
areas or components the trouble can be iso-
lated,

9. Locate the trouble. This step is used to
eliminate unnecessary parts removal, thus sav-
ing time. money, and manhours, Once the AME
has isolated the trouble to a certain area or
compcnent, a cloger observation of the valve or
component in operation should provide some
obvicus indication that it is not operating as
gpecified in the MIM. If all evidence seems to
indicate that the problem is electrical, the as-
sigtance of an AE should be requested,

6. Correct the trouble, This step is accom=
plished only after the trouble has been definitely
pinpointed and there is no doubt that the AME’s
diagnosis is correct, Removal, replacement, or
repair of the unit or gystem is accomplished
utilizing the instructions provided in the appli-
cable aircraft Maintenance Ingtructions Manual,

NOTE: While performing maintenance or
any system, insure that the step-by-gtepproce-
dures outlined in the MIM Including CAUTIONS,
WARNINGS, and SAFETY nctes concerning th=
specific procedures are strictly complied with.

7. Conduct a final cperational check. The
alfected component or system mugt be given ap
operational check following installation or afte:
repalr to verify proger system or componer:
operation. The Maintenance Instructivns Mant s
will provide the procedures for conducting t- .
operational check, It will usually require ope -
ation of the system in various modes (mar‘iai
and automatic for alr-conditioning and pres~
surization gystems) or thruugh severai cycles
as applicable. Specified steps througzhout the
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repair procedure and the performing of the
operational check must be observed and certi-
fied by a quality assurance representative cr
a collateral duty quality assurance representa-
tive from the work center performing the work.
These steps are usually identified in the MIM
by being underlined, or appearing in italics, or
some other obvious method.

Operational Checks

An operational check of both the air-condi-
tioning and pressurization system is required
periodically and after maintenance on the system
to verify proper operation. The air-conditioning
system can generally be checked by turning up
the aircraft and operating the system in both
automatic and manual modes. On some aircraft,
the air-conditioning system is operationally
checked utilizing a test set. The pressurization
system 's checked utilizing an outside source
of air.

NOT'E: Only maintenance personnel who
have been qualified for ‘‘turnup’ of a specific
aircraft may do so. These personnel receive
turnup indoctrination and training by quality
assurance personnel and must have their turnup
authorization card in their possessionduringthe
turnup. Turnup by unauthorized personnel is
specifically prohibited and could result in seri-
ous damage tc the engines or the alrcraft as
well as personnel injuries.

CHECKING THE AIR CONDITIONING.-—
Ground checking of an air-conditioning system
utilizing an Environmental Control System Test
Set such as the AN/ASM-171 (XN-2) is the
responsgibility of personnel within the AE rating,
The test set is simple to operate andprovides a
quick and easy method to differentiate between
electrical and mechanical malfunctions. The
test eet is capable of checking almost all elec~
trical components of the air-conditioning sys-
tem by systematically checking each component
in a specific order until the cause of malfunc-
tion i8 pinpointed, The AME should work with
the AE while performing the operational check.
By observing the position !ndicators of the
various system valves, the AME can verify
proper opening, closing, and modulating of the
valve as the test is being conducted. The test
get will Inform the AE if the electrical portion
of the valve is operating correctly but may fail
to indicate a broken valve drive shaft, binding
gear traln, stuck valve, €te.

Ground checking of the air-conditioning sys-
tem during an aircraft turnup is a relatively
simple procedure and is performed in practically
the same manner on all aircraft. If the eiectrical
components were checked using the test set and
all malfunctions corrected, it is not necessary
to recheck each component for proper operation.
If the test set was not use¢, the AE will have
to remove the cannon plugs on the individual
components as the air-conditioning control
switches are placed in their various positions
and take voltage readings as specified in the
MIM.

During the operational test, the engines
should be running at a constant output at high
tbrust and the canopy should be closed.

The procedures and the desired results
expected in each mode of operation are speci~
fied in the applicable MIM, and they should be
performed in the correct sequence. If any
trouble becomes apparent during a procedure,
it must be corrected before proceeding to the
next step. Troubleshooting tables in the MIM’s
list the more common troubles that could occur
in the system. Under each trouble is listed the
probable cause or causes, igsolation procedures,
and remedy. The troubles in the tables are ar-
ranged to correspond with the step of the oper-
ational check wherve the trouble occurred.

Basically, the operaticnal test (manual mode)
conzists of placing the MAN/RAM AIR switch
in the hot and cold positions and checking for
proper change in the temperature of air entering
the cockpit. Next, the MAN/RAM AIR switch is
placed in the automatic mode pocsition. Move
the automatic temperature control knob to dif-
ferent settings and observe the temperature
changes expected. There should be no uncom-
fortable pressure fluctuations throughout these
tests, and the temperature change should occur
shortly after a change is initiated. '

CHECKING COCKPIT PRESSURIZATION,-—
After any repair work on the pressurized sur-
faces of the cockpit, and prior to the initial
pressurized flight, the cockpit must be checiked
for pressure tightness, Ground pressurization
is accomplished by the introduction of air pres-
sure from an external source into the cockpit
through a connector fitting usually located in
the cockpit pressure bulkhead.

The exact procedure for making leakage
tests varies g£omewhat with different models of
aircraft and should be done under the direct
supervislon of a senior AME. No personnel
should be allowed in the cockpit during the
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pressure check. Detalled instructions are out-
lined in each aircraft Maintenance Instructions
Manual and should be strictly complied with in
all pressure checks. Usually included in these
instructions are a list of equipment needed for
making the test, the amount of pressure to be
used, and the allowable pressure drop per
minute.

Basically, the ground check of an aircraft’s
pressurization system consists of the following
steps:

1. Place the cabin pressure regulator ground
test handle to the TEST ONLY ALL OFF
position.

2. Remove the cabin pressure-altitude in-
dicator,

3. Connect pressure gage to the cabin pres-
sure gage tert connection fitting in nosewheel
well,

4, Connect an external air supply to the
canopy seal ground test fitting and inflate the
seal (canopy closed), using the pressure spect-
fied in the applicable MIM,

5, Connect the cabin pressure. tester air
supply to the cabin pressure ground test fitting.

NOTE: On most aircraft this fitting {s located
in the nosewheel well.

6. Apply recommended pressure utilizingthe
tester and observe the opening of the cabin
safety valve.

CAUTION: Do not aliow the cabin pressure to
exceed the recommended limits, This could
happen if the cabin safety valve 18 defective,
Do not ailow any personnel inside the aircraft
when perform!ng pressure checks, Insure that
main doors, escape hatches, etc., are properly
secured before applying pressure and that they
remalin closed until pressure i8 reduced to 0
psi.

7. Reduce pressure to 0 psi.

8. Position the cabin pressure regulator
ground test hardle to the TEST ONLY DIFF ON
position.

9. Reapply pressure as specified in the MIM
and observe proper operation of the cabin pres-
sure regulator,

10, Remove pressure, gages, air supply, and
any adapters utilized to apply pressure., Rein-
gtall the cabin pressure-altitude indicator, Cap
all test connections. Return the cabin pressure
regulator ground test handle to the flight position
and safety wire.

NOTE: Some aircraft MIM’s call for check-
Ing the cabin dump valve immediately following
the check of the cabin safety valve, If required,

this is accomplished with conditions the same
as they were for step 6 except the cabin dump
valve should be in the DUMP position. There
should be no pressure buildup as pressure is
applied with the tester because pressure is
relieved through the cabin safety valve,

TESTING FOR CARBON MONOXIDE CON-
TAMINATION, —Although testing for carbon
monoxide contamination applies mainly to air-
craft having reciprocating engines, performing
this test Is closely related to cockpit leakage
testing and is therefore discussed here. Per-
formance of the carbon monoxide contamination
test 18 a requirement for advancementto AME2,

The most common sources of carbon mon-
oxide are exhaust fumes from reciprocating
engines and the gases liberated when guns are
fired, Another common 8source not usually con-
sidered is tobacco smoke. Heavy smokers may
have 7 percent ol the hemoglobin in thelr red
blood cells immobilized in this manner. This
may lower the ceiling for these pilots as much
ag 5,000 feet because the available oxygen
carrying capacity of the blood is correspondingly
lowered.

Carbon monoxide i8 an odorless, tasteless,
colorless, and deadly poisonous gas, Its effect
is dangerous due to the high rate of absorption
in the bloodstream when inhaled even in minute
concentrations,

The first recognizable physiological symp-
tom accompanying carbon monoxide poisoning
Is the sensation of tightness across the fore-
head, together with possible slight headache and
dilation of the blood vessels,

To guard against the entrance of carbon mon-
oxide into occupied compartments, the chief
concern should be aimed at testingthe efficiency
of vapor sealing, As stated in NavAir Instruction
3750.1, all maintenance personnel should ob-
serve a program of strict preventive mainten-
ance regarding proper sealing of all openings
adjacent to occupied compartments,

All seals should be inspected for physical
condition and integrity at each periodic inspec-
tion interval, Carbon monoxide tests should be
conducted in accordance with MIL-STD-800 to
ascertain that allowable limits of contamination
are not being exceeded,

All seals, hoots, access plates, firewall
areas, ventilating ducts, windshield canopy
seals, cockpit bulkheads and decks, and other
compartments that forin a barrier between the
cockpit areas and potential sources of carbon
monoxide must be inspected. After repalr or
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modification work, all compartment openings
must be effectively resealed.

Carbcn monoxide tests are specified In
NavAir Instruction-3750.1 and are performed
with a bulb tyr’ “olorimetric carbon monoxide
indicator, This instrument consists of a sampl-
ing bulb, indicator tube, calibration chart, and
a carrying case.

Th. ‘2 wpling bulb is a rubber bulb (similar
to an yringe) which is used to draw air
samples th.oughthe indicator tube. The indicator
tube 13 a small glass tube filled with a treated
substance (material whose color reacts to car-
bon monoxide). The tubes are sealed at thetime
of manufacture by drawing the ends to a polnt,
The sealed ends are broken off immediately
prior to use., NOTE: The indicator tubes are
used for one test only.

Testing is performed by inserting the in-
dicator tube (with ends broken off) in the sampling
bulb and drawing a sample of the air from the
cockpit through the tube, NOTE: These samples
should be drawn in accordance with the instruc-
tions included with the instrument. The presence
of carbon monoxide i8 indicated by a change In
the color of the chemically treated material in
the tube,

The color of the contents of the exposed in-
dicator tube ! zhecked against colors on the
calibration ch: -t to determine the percentage of
carbon monoxide content in the air. NOTE:
Comparison of the exposed indicator tubes with
the chart should be made as soon as possible
and not later than 5 mirutes after the test.

In determining the condition and integrity
of seals, tesus for -rbon monoxide with the
colorimetric indicator should be supplemented
with tests for leakage such as the following:

1. The light beam method., When using this
method, sunlight or a bright light (at night) is
used to visually find cracks between the canopy
and the aircraft or other openings,

2. The smoke trail method, The smoke trail
method I8 uscd to find openings *which are not
visible with a light, When using this method, the
canopy and other openings are closed and smoke
is forced into the cockpit. Leaks are located
by the leaking smoke. An acceptable device for
smoke testing is the Highland Engineering Com-
pany smoke generator.

VAPOR CYCLE AIR-CONDITIONING
SYSTEM

Vapor cycle systems make use of the sclen-
tific fact that a liquid can be vaporized at any
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temperature by changing the pressure above it,
Water, at gea level barometric pressure of 14,7
psi, will boil If its temperature {s raised to
212° F., The s~ me water In a closed tank under
a pressure r 90 psi will not boil at less than
320° F. If t..e pressure was reduced to0.85 psi
by a vacuura pump, the water would boil at 100°
F, If the pressure was reduced further, the water
wouid boil at a still lower temperature; for
instance, at 0.12 psi, boiling of water would
occur at 40° F, Water can be made toboll at any
temperature if the pressure corresponding to
the desired boiling temperature can be
maintained,

Liquids that will boil at low temperatures
are the most desirable for use as refrigerants,
Comparatively large quantities of heat are ab-
sorbed when liquids air2 evaporated; that is,
changed to a vapor. For this reason, liquid
Freon 12 or.22 18 used In most vapor cycle
refrigeration units whether used in aircraft or
In home alir conditioners and refrigerators,

If liquid Freon 12 were poured into an open
container surrounded by standardsealevel pres-
sure, it would immediately begin to boll at
temperatures above -22° F, There would be a
continuous flow of heat from the warm surround-
ing air through the walls of the contalner to the
bolling Freon. Moisture from the air would
condense and freeze on the exterior of the
contaliner,

The system would work satisfactorily insofar
as cooling alone i8 concerned, A drum of Freon
could be connected to a coll and the vaporized
Freon piped outdoors. An installation such as
this would provide satisfactory refrigeration, but
the cost of replacing the refrigerant would be
prohibitive, Because of the cost involved, it is
desirable to use the refrigerant over and over,
To accompiish this, additional equipment over
and above that already mentioned is required,

VAPOR CYCLE THEORY

Refrigerant used In the vapor cycle refri-
geration system occurs as both a liquid and as
a vapor. Conversion from a liquid to a vapor
will occur at temperatures above -21° F at gea
level, If the refrigerant pressure is increased,
conversion to a vapor will occur at higher tem-
peratures. Maximum heat transfer efficiency
occurs when the refrigerant is at the bolling
point (that point where the liquid will vaporize),

The refrigerant must be dellvered to the
evaporator as a liquid If it is to absorb large
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quantities of heat. Since itleavesthe evaporator
in the form of a vapor, some way of condensing
the vapor is necessary. To condense the refrig-
erant vapor, the heat surrendered by the vapor
during condensation must be transferredto some
other medium, For this purpose, water or air
is ordinarily used. The water or air must be at
a temperature lower than the condensing tem-
perature of the refrigerant. At any given pres-
sure the condensing and vaporizingtemperature
of a fluid are the same. If a refrigerant which
vaporizes at 40° F is to be condensed at the
same temperature, water or air at a lower
temperature is needed. Obviously, if water or
air at this lower temperature were available,
mechanical refrigeration would not be required.
As the temperature of available water or air is
usually always higher than the temperature of
the boiling refrigerant in the evaporator, the
refrigerant must be condensed after it leaves
the evaporator. in order to condense the vapor,
its pressure must be increased to such a point
that its condensing temperature will be above
the temperature of the water or air available
for condensing purposes. For this purpose a
compressor Is needed. After the pregsure of
the refrigerant vapor has been increased suifi-
ciently, it may be liquefied in the condenser
with comparatively warm water or air,

The only reason that the compressor and
condenser are introduced into the system is to
enable the same refrigerant to be used over and
over again. The cost of compressing and con-
densing the vaporized refrigerant is far less
than the cost of continuously purchasing refri-
gerant to replace that which would be lost due
to evaporation,

In a practical refrigeration circuit, liquid
flows from the receiver to the expansion valve
which is essentially nothing more than a needle
valve. The compressor maintains a difference
in pressure between the evaporator andthe con-
denser., Without the expansion valve, this dif-
ference In pressure could not be maintained.
The expansionvalve separates the high~-pressure
part of the system from the low-pressure part.
It act3 as a pressure reducing valve becausethe
pressure of the liquid flowing through it is
lowered. Only a small trickle of refrigerant
fluid flows through the valve into the evaporator.
The valve is always so adjusted that only just
as much liquid can pass through it as can be
vaporized in the evaporator,

The liquid that flows through the evaporator
is entirely vaporized by the heat flowing through

the walls of the evaporator. This heat has been
removed from the air being cooled,

After leaving the evaporator, the vaporized
refrigerant flows to the compressor where its
pressure is raised to a point where it can be
condensed by the condenser-air flow available.
After being compressed, the vapor flows to the
condenser. Here, the walls of the condenser are
cooled by the water or air; and as a result, the
vapor is liquefied. Heat is transferred from the
condensing vapor to the water or air through
the walls of the condenser. From the condenser
the liquid refrigerant flows back to the receiver
and the cycle is then repeated.

DESCRIPTION/CPERATION
(TYPICAL SYSTEM)

Various avionic packages aboard some mod-
ern Navy aircraft generate heat in quantities
that would be detrimental to their operation if
some type of cooling facilities were not pro-
vided. The Grumman Aircraft Engineering Cor-
poration chose a Freon 12 vapor cycle re-
frigeration package to provide avionics
equipment cooling in the E-2 ‘‘Hawkeye’’ air-
craft, This model, the VEA6-1, is described in
this section. The basic difference between the
basic vapor cycle system and this model 8 the
method of compensating for the variations in
ram-air temperature, and the variation in the
flow of ram air, which is dependent on aircraft
speed.

Figure 5-18 is a schematic diagram of this
system.

In the E-2 configuration, the vapor cycle
system cools, filters, and distributes avionics
compartment air at a temperature of 38° + 5°F,

The system consisis of a vapor cycle cooling
scoop assembly, an evaporator group assembly,
and an afr distribution ducting interconnected
by refrigerant lines and electrical wiring.

The evaporator assembly (fig. 5-19) is a
compact, quick-change package that can be easily
installed, removed, and Serviced as a unit, Five
quick-disconnect couplings, two shock mounts,
and two plug type mounts are installed on the
assembly’s tubular frame. The maincompnnents
of the evaporator assembly include electrical
and temperature controls; a hydraulic-motor-
driven, self-lubricated Freon compressor; a
receiver; a subcooler; an expansion valve;
an evaporator and hydraulic~motor-driven fan;
and an oll separator.
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Figure 5-18.—Vapor cycle air-conditioning system.

The vapor cycle cooling scoop assembly is
mounted on the top of the fuselage and consists
of a condenser assembly, ejector nozzles, an
actuator and flap, and a refrigerant pressure
actuator control switch.

The Freon in the closed system is considered
the primary coolant, and the forced air that is
drawn through the evaporator in a continuous
cycle is the secondary coolant.

The electronic equipment i8 cooled by the
secondary coolant, which removes heat by direct
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contact with the equipment to be cooled and the
tranefer of this heat to the primary coolant
through the evaporator assembly.

A header assembly attached to thedischarge
side of the evaporator assembly directs the
gsecondary coolant air to distribution ducts
throughout the electrcnic equipment compart-
ment. A filter between the header assembly
and the evaporator assembly removes dirt
and dust particles and traps moisture from the
air.
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The primary coolant refrigerant (Freon 12)
is in a closed system consisting of the evapora~
tor group assembly and the condenser group
assembly. The refrigerant circulates between
the evaporatur groupassembly (where it absorbs
heat) and the condenser group assembly where it
discharges or dissipates the heat tu the atmo-
sphere tnrough the vapor cycle scoop.

During flight, ram air flowing through the
scoop cools the condenser group assembly. The
airflow through the scoop is controlled by a
conaenser pressure control system. The ac-
tuator in tiie scoop moaulates the: irflowthrough
the scoop to provide sufficient cooling for con-
dernsation of the refrigerant.

When the aircraft is or the ground with
engines run.ing and rcm-air flow is insufficient
for cooling, an e¢jector air shutoff valve opens
to permit engine bleed air to discharge through
the ejector assembly. The ejector consists o1 a
set of tub2s that permit bleed air to escape in
the ram-air duct behind the condens.c. The
escaping hkleed air creates a negative pressure
(suction) area behind the condenser and causes
ambient air to be drawn into the scoop and
across the condenser.

If the heat load applied to the evaporator and
the ram-air temperature and flow were con-
stant, a simple orifice would be all that was
required to control the boiling point of the
refrigerant entering the evaporator. Since these
three factors are not constant, they must be
compensated for. In the model VEA6-1 system,
if the heat load is changed, the flow of refrig-
erant is changed by utilizing a thermostatic
expansion valve in place of a fixed orifice. The
pressure of the refrigerant in the evaporator is
maintained ccnstant, regardless of the refrig-
erant flow, by varying the speed of the
compressor.

When the EQUIPMENT COOLING switch is
set to ON, solenoid-operated shutoff valves are
energized and hydraulic pressure is directad to
the evaporator fan motor and the compre. cor
motor. The compressor motor will be automa-
tically shut off when either aircraft engine is in
autofeather and the landing gear is down. The
evaporator fan motor will continue to operate.

With the evaporator fan ard compressor
motors operating, low-pressure, low-tempera-
ture refrigerant Freon 12 vapor enters the
compressor assembly through the low-pressure
line leading from the evaporator assembly out-
let. The vapor entering the compressor inlet
combines with lubricating oil that is fed to the
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compressor. The oil-refrigerant mixture is
compressed toraise its condensing temperature.
From the compressor, the high-temperature,
high-pressure mixture flows to the oil separator
where the oil is removed from the refrigerant
vapor, filtered, and fed back to the compressor.

¥ the refrigerant vapor pressure exceeds
250 ¢ b5 psi in the line downstream from the oil
separator, the high-pressure cutout switch will
cause the cockpit EQUIP COOLING cautionlight
to illuminate and the compressor motor solenoid
valve to shut off hydraulic pressure to the com-
pressor motor, thus shutting down the com-
pressor. If the cutout switch failed to operate
properly, the relief valve in the compressor
discharge line would relieve the system of
pressure in excess of 325 psi.

Refrigerant vapor from the oil separator
next enters the condenser assembly where ram
air lowers its temperature and changes the vapur
to a liquid. Refrigerant pressure on the hig.
side of the system is controiled Wy regulating
the amount of cooling air flowine across the
condenser. A pressure tranfducer in the high
side refrigerant line provides a signal to a
control amplifier which in turn ~auses the con-
trol actuator and flap to ope.:: and close as
necessary to regulate pressure. The system is
calibrated so that the condenser flap is fully
closed when high side pressure is 107 *+ 3 psi;
fully opened at 151 + 3 psi condensing pressure;
and modulates the flap travel for intermediate
pressures within that range.

If the cooling air is inadequate to maintain
the pressure at 151+ 3 psi with the flap fully
open, the system pressure will exceed the con-
trol range. When the pressure reaches 250+ 5
psi, the high-pressure cutout switch will shut
down the vapor cycle system.

From the condenser assembly, liquid Freon
flows to the receiver in the evaporator group
assembly. The receiver stores surplus refrig-
erant and thereby prevents surges in the re-
frigerant flow rate. Liquid refrigerant flowing
from the receiver passes through a subcooler
and then through a filter drier, where foreign
metter and water are removed. Before entering
the thermostatic expansion valve, the liquid
refrigerant passes through a sight glass which
provides a visual indication of flow and proper
refrigerant charge.

The refrigerant is metered by the thermo-
static expansion valve and then enters the
evaporator assembly. The hydraulic-motor-
driven evaporator fan forces warm electronic
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equipment compartment air through the evapora-
tor assembly where it is cooled by transfer of
heat to the refrigerant. The refrigerant leaves
the evaporator as a superheated vapor.

The temperature of evaporator discharge air
to the equipment compartment is controlled by
.controlling the speed of the compressor motor.
The evaporator pressure control system main-
tains the refrigerant pressure within a specified
range so that the average temperature range of
the refrigera.nt is between 29.8° and 32.9° +
0.6° F. This temperature range consequently
controls air temperature to approximately 38°.
The difference between the air and refrigerant
temperatures is due to the efficiency of the heat
exchanger.

If the equipment compartment temperatu.e
increases, ref.-igerant pressure on the low side
will also i.ic ~ease. The increase in pressure is
sensed by .transducer located in the compressor
inlet line ancé a signal is sent to the evaporator
pressure control system amplifier. The ampli-
fier in turn sends an appropriate signal to the
servo portion of the compressor hydraulic motor
calling for a speed increase to prevent pressure
increase and thus maintain a constant refrig-
erant pressure. I the temperature increase calls

for a compressor motor speed above amaximum

of 12,000 rpm, the temperature rise cannot be
compensated for and the refrigerant pressure
will rise. At 250 + 5 psi compressor discharge
pressure, the high side cutout switch will shut
the vapor cycle system down.

If the equipment compartment temperature
drops, a reverse situation exists. Compressor
motor speed will decrease to a minimum of
4,000 rpm. U the temperature (at the fan inlet
continues to drop beyond the range which canbe
compensated (30° F), the low temperature cutoff
switch deenergizes the compressor power relay
and shuts down the compressor motor. The
refrigerant stops flowing while the evaporator
fan motor continues to circulate compartment
air. Wheon the fan inlet temperature ‘rises to
40° + 2 F, the compressor is cut in and re-
frtgerant ﬂows through the evaporator and the
subcooler and returns to the compressor to
repeat the cycle.

COMPONENTS

The purpose and the operation of each major
component in the vapor cycle system are dis-
cussed in this section 8o that the AME will have
a better understanding of proper system and
component operation.
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Subcooler

The subcooler (fig. 5-20) i1s aheat exchanger
containing passages for liquid Freon from the
receiver on its way to the evaporator and cold
Freon gas leaving the evaporator on its way to
the compressor.

TO FILTER-DRIER

WARM LIQuID
REFRIGERANT [
FROM RECEIVER

TO COMPRESSOR

COLD REFRIGERANT VAPOR
FROM EVAPORATOR

AM, 95
Figure 5-20.—Subcooler.

The purpose of the subcooler is to increase
the efficiency of the system by cooling the re-
frigerant after it leaves the receiver, thereby
preventing premature vaporization or flash off
after passage through the expansion valve and
before it reaches the evaporator. As stated
previously, the refrigeration effect takes place
when the Freon changes state from liquidtogas.
Premature flash off would result in keeping
additional refrigerant from evaporating and
would have no useful effect on the primary
cooling load required of the package.

The liquid on the way to the thermostatic ex-
pansion valve is relatively warm in comparison
to the cold gas leaving the evaporator, Although
the gas leaving the evaporator has absorbed heat
from the air being circulated through the evapo-
rator, its temperature is still in the vicinity of
40° F. This cool gasisfed through the subcooler
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where it picks up additional heat from the rela-
tively warm liquid Freon 12 that isflowing from
the receiver. This heat exchange causes the
liquid to be subcooledto alevel that insures little
or no flash gas on its way to the evaporator.

Receiver

The receiver acts as areservoir for the liquid
Freon 12 refrigerant. The fluid level in the re-
ceiver varies with system demands. During
peak cooling periods, there will be less liquid
than when the load is light. The prime func-
tion of the receiver is to insure that the thermo-
static expansion valve is not starved for refrig-
erant under heavy cooling load conditions.

Filter Drier

A filter-drier (fig. 5-21) unit is installed
in the plumbing between the subcooler and the
sight glass, The unit is essentially a sheet-
metal housing with inlet and outlet connections
and containing alumina desiccant, afilter screen,
and a filter pad. Its purpose is to filter all con-
taminants and dry any moisture that may
be present in the Freon 12 on its way to the
expansion valve. The alumina desiccant acts as
a moisture absorbent medium. The conical
screen and Fiberglass pad act as filtering de-
vices, removing contaminants.

Clean refrigerant at the expansion valve is
a must because of the critical clearances in-
volved. Moisture may freeze at the expansion
valve, causing it to hang up with a resulting
starvation or flooding of the evaporator.

PERFORATED ABSORBENT
PLATE

MATERIAL SCREEN

TO REFRIGERANT
SIGHT GLASS

FROM
SUB-COOLER

SPRING

AM, 96
Figure 5-21,—Filter drier.

The filter-drier unit is a ‘‘throw away type”’
and is replaced whenever the charge is dumped
from the unit after being in servicefora reason-
able period of time, or when filter-drier opera-
tion is doubtful.

Sight Gage

To aid in determining whether servicing of
the refrigerating unit is required, a sight gage
is installed in the line between the filter-drier
and the thermostatic expansion valve. The gage
assembly consists of a fitting having windowson
both sides, permitting a view of fluid passage
threugh the line.

During refrigeration unit operation, if a
steady flow of Freon refrigerant is observed
through the sight glass, this is an indication that
sufficient charge is present. If the unit requires
additional refrigerant, an indication will be
given by the presence of bubbles in the sight
glass. Since Freon is a colorless gas or liquid,
a red colored dye may be added to the liquid to
facilitate leak detection. Tt 's is usually accom-
plished upon initial charging of the system.

Thermostatic Expansion Valve

The thermostatic expansion valve (fig. 5-22)
is mounted in close proximity to the evaporator
and acts as a device to meter the flow of refrig~
erant into the evaporator, depending upon system
demand. Efficient evaporator operation is de-
pendent upon the precise metering of liquid re-
frigerant intotheheat exchanger for evaporation.
As was previously stated, if heat loads on the
evaporator where constant, an orifice size could
be calculated and used to regulate the refriger-
ant supply. A practical system, however, en-
counters varying heat loads and therefore re-
quires a refrigerant throttling device to prevent
starvation or flooding of the evaporator which
would seriously affect the evaporator and sys-
tem efficiency. This variable orifice effect is
accomplished by the thermostatic expansion
valve which senses evaporator conditions and
meters refrigerant to satisfy them. By sensing
the temperature and the pressure of the gas
leaving the evaporator, the expansion valve
precludes the possibility of flooding the evapor-
ator and returning liquid refrigerant to the com-
pressor.

The valve consists of a housing containing
an inlet port, an equalizer port, and 25 outlet
ports. The flow of refrigerant to the outia:
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Figure 5-22.—Thermostatic expansion valve.
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ports is comrolled by positioning a metering
valve pin. Valve pin positioning is controlled
by the pressure created by the remote sensing
bulb in the power section, the superheat spring
setting, and the evaporator discharge pressure
as supplied by the external equalizer port.

The remote sensing bulb is a closed system
and is filled with refrigerant. The bulb itself is
placed in a well, attached to the evaporator.
The pressure within the bulb corresponds to the
pressure of the refrigerant leaving the evap-
orator. This force is feltontopof the diaphragm
in the power head section of the valve, and any
increase in pressure will cause the valve
to move towards an open position. The bottom
side of the diaphragm has the forces of the su-
perheat spring and the external equalizer port
pressure acting in a direction to close the valve
pin. The valve position at any instant is deter-
mined by the resultant of these three forces.

If the temperature of the gas leaving the
evaporator increases above the desired super-
heat value, it will be sensed by the remote bulb.
The pressure generated in the bulb is transmit-
ted to the diaphragm in the power section of the
valve, causing the valve pin to open. Adecrease
in the temperature of the gasleaving the evapor-
ator will cause the pressure in the remote bulb
to decrease, and the valve pin will move toward
the closed position.

The superheat spring is designed to control
the amount of superheat in the gas leaving the
evaporator. A vapor is said to be superheated
when its temperature is higher than that nec-
essary to change it from a liquid to a gas at a
certain pressure. This insures that the Freon
returning to the compressor is in the gaseous
state. The superheat spring is adjustable and is
factory set to provide approximately 9 degrees
of superheat in this particular vapor cycle sys-
tem. Superheat setting is calculated in relation
to evaporator size and heat loads applied, and
should therefore never be tampered with in the
field as serious inefficiencies will result.

The equalizer port is provided to compen-
sate for the effect the inherent evaporator pres-
sure drop has on the superheat setting. The
equalizer senses evaporator discharge pressure
and reflects it back to the power head diaphragm,
adjusting the expansion valve pin position tohold
the desired superheat value.

The purpose of the multioutlet configuration
of the valve is to insure an even distribution of
the refrigerant in the evaporator.

149

156

Evaporator

The evaporator (fig. 5-22) is a plate fin heat
exchanger forming passages for cooling-air flow
and for Freon refrigerant. The evaporator as-
sembly houses a hydraulically driven fan and a
low-temperature cutout switch,

When the vapor cycle system is operating,
refrigerant from the expansion valve flows into
the Freon passages of the evaporator. At the
same time, the hydraulically driven fan isforc-
ing air from the electronic equipment compart-
ment across the coils of the evaporator. The air
is of a rather high temperature, since it is af-
fected by being circulated through the electronic
boxes. This air, in passing through the evapor-
ator, readily gives up itsheatto theliquid Freon
12, The Freon is receptive to the heat exchange
and, in absorbing the heat, a change of state
comes about, changing the Freon from a liquid
to a gas at approximately the same temperature
that it was changed from a gasto a liquid. Since
the Freon compressor is maintaining a constant
pressure in the evaporator, the Freon vaporizes
at a temperature that causes the airdischarging
from the evaporator to the electronic compart-
ment to be at approximately 40° F, Vapor leav-
ing the evaporator is also at a temperature of
about 40° F.

Attached to the discharge side o. the evapo-
rator is a header duct assembly, bolted to the
perimeter of the evaporator. This header is
used to direct the discharged cooling air to
the various distribution ducts. A set of mov-
able louvers in the header is designed to act as
a shutoff valve during ground cooling cartoper-
ations. During this time an external cart i3 at-
tached to a receptacle on the right-hand side of
the fuselage and feeds to the distribution system
for ground operations if desired. This air, how-
ever, would also escape in reverse direction
through the evaporator and discharge into the
forward compartment, thereby reducing the air-
flow to the electronic equipment. The louvers
are actuated by a single control knob located at
the top of the header duct. The knob is a two-
position control (Open and Close) and is pla-
carded to explain operation. To prevent the
louvers from being inadvertently left in the
closed position with the possibility of starving the
avionics gear of cooling air after ground cart
operation has been terminated, an overcenter
device is incorporated. This mechanism will
automatically open the louvers as soon as
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Figure 5-23.—-Compressor assembly,

a pressure is felt on them from the evaporator
fan. The header duct also contains a discharge
air filter which filters the recirculated air and
‘also removes the majority of the moisture (if
present) in the cooling airon its wayto the elec-
tronic equipment.

Compressor Assembly

The purpose of the compressor is to evacu-
ate the evaporator, keeping it at a constant pres-

Sure, and also to superheatthe Freon vapor and
feed it to the condenser where it is condensed
back into a liquid for reuse. The compressor,
shown in figure 5-23, houses two intermeshing
helical rotors that rotate in counter-rotating
directions. This action causes cool Freon gas
to be taken from the evaporator and com-
pressed. This increases its temperature and
pressure to a value where it may be fed to the
condenser for ambient air to change it back into
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a liquid. The compressor controls the pressure
in the evaporator by varying its speed in response
to signals from a suction line pressure switch.

The two intermeshing helical screw type
rotors are enclosed ina close tolerance housing,
containing an inlet and an outlet port. Since the
rotors mesh, they may be distinguished one from
the other by calling one the male and the other
the female.

The male rotor is directly coupled to, and
driven by, a variable speed hydraulic motor. The
female rotor is driven aerodynamically by the
male. There is no physical contact between the
two rotors or between the rotors and case.
Inter-rotor contact is prevented by the rotors
riding on a film of refrigeration oil. Both
rotors arc suspended by three pairsofball bear-
ings, one set on the discharge end andtwo pairs
on the inlet end. Bearing lubrication is supplied
by the refrigeration oil. Suitable carbon and
labyrinth seals are incorporated to provide con-
trol of the flow of lubricating oil. Thin ridges
are machined on the eads and flutes of the
rotors to seal the mechanism against excessive
rotor leakage.

The compressor operates on the principle
that if a given volume of gas is trapped and the
area in which it is contained gradually decreases,
the pressure and temperature of the gas willin-
crease. The counter-rotating rotors dre fed a
gas charge from the inlet port. This charge fills
the gully formed by the rotors. As they rotate,
the charge is trappedandforced forward through
the housing. The action of the rotors is to de-
crease the interlobe area in which the chargeis
contained as they revolve. This increases the
pressure and temperature of the refrigerant. As
the outlet port is reached, the charge will be
contained in the smallest area during its travel
through the compressor. It is therefore at its
highest temperature and pressure and is dis-
charged into the system.

The variable compressor speed is provided
by the governor-controlled, hydraulicallydriven
motor, which responds to electronic impulses
from the Freon circuit to increase or decrease
speed as demanded by the cooling load.

The electrical wiring of the speed sensing
system is such that when the equipment cooling
system is shut down, the servomotor will be
driven to low speed. This relieves starting loads
and also precludes the possibility of an over-
speed during startup.

The compressed Freun gas is discharged
from the compressor and immediately passes

through a check valve which prevents the high-
pressure discharge from motorizing the com-
pressor in reverse at system shutdown.

The compressor section requires lubrica-
tion: therefore, an oil is mix.d with the Freon
during system servicing. This oil is also dis-
charged from the compressor outlet and is
reclaimed by the oil separator.

Qil Separator

The oil separator (fig. 5-24)islocated down-
stream of the compressor and check valve, It
operates on a centrifugal principle; that is, the
o0il mist refrigerant enters the inlet port of the
separator at a tangent to the wall of the cylin-
drical housing. This imparts a swirling or cen-
trifugal action to the mixture. The centrifugal
force has a greater effect on the heavier oil
vapors, causing them to collect on the walls and
the conical screen. The oil drips from the screen
and collects at the bottom of the oil separator.

0il flows from the bottom of the separator
through an oil flow indicator andfilter and is in-
jected into the compressor at the shaft seal
cavity. The refrigerant vapor rises through the
tubular baffle and leaves the Separator. A cir-
cular sight gage is provided on the separator to

BAFFLE PORT 8

OIL LADEN
REFRIGERANT
VAPOR
TO RELIEF
VALVE AND

HIGH. PRESSURE
CUTOUT SWITCH

PORT C

CONICAL
SCREEN

PORT FOR — PORT A
OlL LEVEL \
SIGHT GLASS TO OlL FLOW
INDICATOR

TO UPPER
CHARGE VALVE

AM. 99
Figure 5-24,—0il separator. '
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allow for checking the level of system oil during
operation, normal oil level being a half full sight
gage.

Oil Flow Indicator

The oil flow :udicator in the oil returnline is
basically a metal cage with a sight window. It is
used to observe the amount of oil returning to
the compressor and to prevent compressor fail-
ure when no flow is indicated.

Oil Filter

Oil returning to the compressor passes
through a filter which insures a clean oil supply
for compressor lubrication. The filter (fig. 5-25)
has a replaceable cellulose fiber type element.
If the filter becomes clogged, a bypass device
permits unfiltered oil to circulate through the
compressor when the differential pressure
across the filter is greater than 18 to 22 psi.

DIFFERENTIAL
PRESSURE
INDICATOR

INLET QUTLET

BYPASS DEVICE

SPRING

8OWL

FILTER ELEMENT

AM.,1139
Figure 5-25.~0il filter.
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When the differ=vt.i proessags rerces the
filter is greater thas *= 5 iy &5 3, the red
indicator at the top o/ ia: 1:iter will pop vp and
remain extended to pro-ide au:ndication that the
filter requires replacement prior to becoming
completely clogged and bypassing contaminant
oil to the compressor.

The oil filter is designed with an automatic
shutoff feature which permits removal of the
filter element and bowl without loss of the re-
frigerant charge.

Condenser Ejector Shutoff valve

The condenser ejector shutoff valve is a
pneumatically operated valve, It is controlled
by a piston through a mechanical linkage. It is
spring loaded to the CLOSED position. A sole-
noid valve on the actuator chamber side of the
piston acts as a bleed off for the air being fed
from an upstream tap of the valve housing. This
air is fed through the hollow piston actuator
shaft to the top side of the piston where it is
bled off as long as the solenoid is deenergized,
Energizing the solenoid closes off the actuator
chamber bleed, and pressure builds up. This
force overcomes spring tension and the valve
opens. Any lossof pneumatic or electrical power
to the valve will cause it to assume a closed
position.

Charging Vvalves

There are four back-seating charging valves
in the vapor cycle system~-three in the evapo-
rator group and one in the ci.denser grcup., The
valves are used to facilitate servicing of the
system as one complete unit or servicing of the
evaporator group or ccndenser group as indi-~
vidual units. The condenser and evaporator
group assemblies are equipped witk quick-dis~
connect type refrigerant lines to allow tieir
removal from the aircraft without a loss of re-
frigerant,

Purge Vvalves

The refrigerant system is equipped with two
Purge valves—one at the evaporator group as-
sembly high point and the other onthe condenser
in the top scoop of the aircraft. The valves are
Similar to the charge valves. They are used to
bleed the system, when required, andfor attach-
ing test equipment or the vacuum pump for sys-
tem evacuation.
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MAINTENANCE

Maintenance of the vapor cycle air-condition-
ing system ‘ke the air cycle system, will gen-
erally requir> the joint efforts of personnel
from the AME =1 the AE ratings. Malfunctions
of the hydravi:- »n otors which drive the com-
pressor and owsporator fan will require the
services of ap AMH.

Operaticnal checkout of the vapor cycle sys-
tem can be azcomplished several ways. The AE
can perform an opsrational check of the electri-
cal poruon of the system utilizing a Cooling
Systemn Test Sct, AN/ASM 232 (XN-1), with the
engines not running.

Performing n operational check of the com-
plet2 vapor cvcle system without the engines
runniry requires external hydraulic and electri-
cal sower and a source of conditioned (cool)
air. The ceoled air is ducted into the condenser
scoop inlet to provide flowthroughthe condenser
for condersing the Freon. As was stated earlier,
this runction is normally accomplished by ram
air waen sufficient ram-air flow is available or
by engine bleed air leaving the ejector nozzles
and creating a pressure differential that causes
sufficient flow for cooling on the ground when
the engines are running.

The operational check steps as specified in
the applicable Maintenance Instructions Manual
should be performed in sequence. If a trouble
occurs during a step, it must be corrected before
proceeding. Isolation of the trouble can almost
always be enhanced by referring to the step of
the troubleshooting table that corresponds with
the step of the operational checkout where the
trouble occurred. Table 5-2 illustratesaportion
of the troubleshooting table utilized when per-
forming an operational check and/or trouble-
shooting with the engines not running.

Operational check procedures and trouble-
shooting tables for checking the vapor cycle
system and isolating malfunctions with the en-
gines running are also provided in the Mainte-
nance Instructions Manual.

If, during a system operational check, a spe~
cific malfunction occurs which is not listed or
covered in the accompaaying troubleshooting
table for that operational check, refer to the
general troubleshooting table for the complete
vapor cycle system.

The troubles listed in the general trouble-
shooting table are not numbered and are usedto
provide supplementary troubleshooting informa-
tion to cover additional troubles that may occur
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during the accomplishment of the operational
check in any of the methods mentioned (engines
running, engines not running andusingtest set).

Additional Organizational level maintenance
on the vapor cycle system includes servicing
(adding refrigerant and lubricating oil), leakage
testing and correcting of leaks, and removal and
installation of components.

Intermediate level maintenance of the evap-
orator assembly, the condenser groupassembly,
ard the aiv ejector shutoff valve is restrictedto
replacenient of parts listed in tb< Spares and
Repair Parts Data List provided in the Inter-
mediate repair section of the applicable Mainte~
nance Instructions Manual (Part TV), Special
test equipment is required to bench test most
of the vapor cycle components or assemblies
and therefore not all Intermediate level activities
possess the capability to accomplish such main-
tenance.

Since proper servicing of the vapor cycle
system is one of the most important factors
affecting operation, equipment used for servicing
and servicing procedures are givenbrief cover-
age in the following paragraphs.

Servicing Equipment

Servicing of the vapor cycle system involves
evacuating and charging of the condenser and
evaporator group assemblies either separately
or preferably together as a system, with re-
frigerant and/or lubricating oil.

The Vapor Cycle Charging Cart (fig. 5~26) is
used to replenish the vapor cycle refrigeration
system with refrigerant and the compressor
with iubricating oil. The major components of
the cart are labeled in figure 5-26, Table 5-3
provides a complete list of the operating con-
trols and indicators shown on the front view of
the cart (fig. 5-27).

The Freon storage bottle has a capacity of
25 pounds of Freon. The bottle is restrained in
the cart by quick-release restraining straps
which permit rapid removal and replacement of
depleted bottles.

The electric-motor-driven vacuum pump is
used to evacuate a refrigerant system prior to
recharging it with Freon. Evacuating or pulling a
vacuum on the system for a short periodof time
causes any moisture in the system to be vapor-
ized and withdrawn from the system. Moisture
inthe system, if of sufficient quantity, can freeze
at the expansion valve, thus allowing no Freon
into the evaporator and cooling would stop.
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Table 5-2.—~Troubleshooting vapor cycle system (engines not running).

Probablg_cause

—

STEP 17 TROUBLE:

Inadequate charge,

Fittings, tube assem-
blies, and components,

 Isolation procedure

Add refrigerant to system. Refer
to paragraph 3-389.

Check all fittings, tube assemblies,
and components for presence of
oil, indicating refrigerant leakage,

BUBBLES AND/OR FOAM IN REFRIGERANT SIGHT GLASS

-

S

If sight glass does nu! :ear up
with proper charge, pro.eed
to next probable cause,

Correct leak and add refrigerant
to system. Refer to paragraph
3-389.

STEP 20 TROUBLE: NO POSITIVE FLOW OF COMPRESSOR OIL

Insufficient oil in
system.

Fittings, tube assemblies
and components.

Add oil to system, Refer to para-
graph 3-390.

Check all fittings, tube assemblies
and components for presence of
oil.

If positive flow of oil is obtained,
proceed to step 21 of checkout
procedure,

Correct leak and add oil to sys-
tem. Refer to paragraph 3-390.

STEP 22 TROUBLE:

NO VAPOR CYCLE PRESSURE

Evaporator fan in-
operative,

Pressure indicator.

Header damper valve.

Evaporator passages.

Air distribution ducting
defective or improperly
installed,

Check return airflow at discharge
duct on left hand forward side
of STA 356 bulkhe.d.

Check pressure pick up and
plumbing for security, clean-
liness, and damage.

Replace pressure gage with one
known to operate properly,

Check damper valve handle
position.

LCheck for blockage of evaporator
passages.

Check ducting for proper
installation and condition.

If no airflow is present, refer to
step 17 trouble, EVAPORATOR
FAN DOESNOT OPERATE.

Repair or replace as required.

If trouble is corrected, forward
defective component to next
higher maintenance level,

If knob is in aftposition (used for
external c..t cooling) and fan
is operating, replace header
assembly. Refer to paragraph
3-402,

Remove obstruction.

Repair or replace defective com-
ponents as pequired.

STEP 22 TROUBLE:

VAPOR CYCLE PRESSURE GAGE INDICATING IN YELLOW ARC

Insufficient hydraulic
flow from external
source,

Check for 3,000 psi at 25 gpm
output from hydraulic unit.

Adjust hydraulic power supply.
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STRUCTURE S
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Figure 5-26,—Vapor cycle charging cart.
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Table 5-3.~Operating controls and indicators.

Figure 5-27 Index No.

Control or indicator

1

10

11

12
13

14
15

16

17

Flow control valve.

Vacuum lamp (amber).

Bleeder valve,

Vacuum gage.

VACUUM-OFF-
HEATER switch,

Heater lamp (red).

Freon tank pressure
gage.

Flow control valve.

Oil charging pressure
gage.

Bleeder valve.

Shutoff valve.

Drain valve,

Flow control valve.

Flow control valve,

Flow control valve.

Flow control valve,

Freon liquid level
sight gage,

Function

Prevents vaporized Freon from entering the
charging line,

Dluminates tc indicate vacuum system is opei-
ating.

When open, exhausts Freon vapor in the heater
tank to atmosphere,

Indicates amount of vacuum Pressure in system,

Controls vacuum and heater circuits,

Dluminates to indicate heater system ison,

Indicates pressure in the Freon heater tank.

When open, allows gage tube to sense vacuum in
the system for readout at vacuum gage (4).

Indicates pressure in ofl charging cylinder.

When open, relieves pressure in the oil charg-
ing cylinder.

Wher. open, allows a flow of Ansul 150 oil through
the charging hose.

Allows drainage of oil from the oii dropout tank,

Opens the vacuum line from flow control valve
(14) to vacuum pump.

Permits flow from unit being evacuated,

Controls flow of Freon from heater tank to charg-
ing hose,

Controls flow of Freon from refrigerant storage
bottle to the heater tank.

Indicates level of Freon in the heater tank.
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AM, 1141

Figure 5-27,—Servicing cart—controls and indicators.

The vacuum pump has a displacement of 3 The heater tank has a capacity of 360 cubic

cublc feet per minute (cfm) and is rated for con- inches and an operating preszure rating of 200
tinuous duty. psl at 125°F. A llquid level sight gage, mounted
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vertically on the heater tank, indicates thelevel
of liquid Freon in the tank. A scale, graduated
in pounds and ounces, is mounted alongside the
sight gage and ranges from 0 to 17 pounds. The
tank is also equipped with a compound pressure
gage which is graduated from 0 to 30 inches Hg
(mercury vacuum) and 0 to 300 psi pressure. A
heating blanket surrounds the heater tank andis
used to heat the refrigerant jor building up tank
pressure sufficient for charging a system.

The oil charging cylinder stores Ansul 150
lubricating oil used to replenish the vapor cycle
compressor oil supply. The cylinder has a capac-
ity of 68 cubic inches and an operating pressure
of 100 psi at 125° F. The cylinder s equipped
with an oil level sight gage and an ofl charging
pressure gage. A scale, graduated in centime-
ters, i1s mounted beside the sight gage and ranges
from 0 to 800 cc.

The flexible evacuation and charging hoses
are both 180 incheslong to accommodate hooking
the cart to the unit being evacuated or charged
without removing the unit from the aircraft.

An ajrcraft power cable connects primary
electrical power from the cart to the aircraft. A
deck edge power cableor power c.ble from elec-
tric generating equipment such asthe NC-5pro-
vides power to the cart.

NOTE: In addition to the controls and indica-
tors listed In table 5-3, a circuit breaker is lo-
cated In the back left-hand side of the cart to
provide overload protection for the cart elec-
trical system. A shutoff valve on the bottom end
of the Freon storage bottle (fig. 5-26) isutilized
to allow a flow of liquid Freon from the storage
bottle to the heater tank or charging lines.

Servicing/Charging

Whenever any unit in the refrigerant system
is disconnected, the compressor oil filter should
be checked for contamination. If contaminated,
the filter element should be replaced.

Removal of components in the system will
first require that refrigerant be depleted from
the system or group agsembly. The refrigerant
is depleted in the following manner:

1. Remove the cap from the upper charge
valve of the evaporator group assembly,

2, Connect a flexible hose to the charge
valve and place the opposite end in a well-venti-
lated area where it will not constitute a hazard
to personnel,

WARNING: Appropriate eye protection should
be worn and skin contact with the refrigerant
should be avoided.

3. Remove the safety plug from the charge
valve,

4. Slowly unscrew the bleeder plug in a
counterclockwise direction and deplete system
pressure.

As was previously stated, the preferred
method for charging the vapor cycle system is
as a complete unit. Charging of the evaporator
or condenser group as individual units is pos-
sible, Due to the similarity in charging the in-
dividual units and charging the complete vapor
cvcle system, coverage in this section will be
limited to charging of the complete system which
is accomplished as follows:

1. Connect one ¢nd of a flexible hose to the
upper charge valve of the evaporztor group as-
sembly and the other end in a suitable container
for accepting refrigerant.

2. Open the charge valve and permit refrig-
erant to slowly drain from th: system. When
draining is completed, remove the draininghose.

3. Position the vapor cycle charging cart
near the aircraft and connect the evacuation hose
to the upper charge valve and start the cart
vacuum pump. The vacuum pump is started by
placing the VACUUM-OFF-HEATER switch
(table 5-3, item 5 and fig. 5-27) to the vacuum
position with valves 8, 13, and 14 open and all
other valves closed.

4, Permit the vacuum pump tu run until a
vacuum of 1.0 cm of mercury isindicatedon the
cart vacuum gage (4). This will normally require
about 30 minutes of pumping.

5. When the correct vacuum is achieved,
close the upper charge valve, then shut off the
vacuum pump and disconnect the evacuationhose.

8. Fill the servicing cart refrigerantpres-
sure cylinder (heater tank) to the 15-poundlevel
mark on the liquid sight gage. This is accom-~
plished by opening the Freon storage bottle shut-
off valve and the bleeder valve (3). The bleeder
valve is opened to allow displacement of air in
the heater tank. he Freon in a liquid state in
the storage bottle is under pressure and will
easily flow into the heater tank.

7. Connect the cart pressure cylinder sup-
ply hose to the lower charge valve on the evap-
orator group assembly, but do not tighten the
coupling.

8. Actuate the heater switch(5)on the serv-
icing cart. Allow the heater to remain ON until
(10)0 psi i8 indicated on the tank pressure gage
.

-» Open the cart refrigerant control valve
(15), Loosen the coupling on the lower charge

L;.)B

165



Chapter 5—~PRESSURIZATION AND AIR-CONDITIONING SYSTEMS

valve so that refrigerant will displace air trop-
ped in the charging hose, then tighten the cou-
pling.

10. Open the lower charging valve and charge
the complete vapur cycle system with 12 pounds
of refrigerant as indicated by the scale beside
the liquid sight gage.

11. Close the charge valve and the servicin.
cart refrigerant contzol valv. (15). Disconnect
the charging hose and store it in the cart.

12, Start the vapor ycle svstem and place
the MODE SELECTOR switch i.: MAN position.
Hold the MANUAL TEMP CONT switch in the
DEC position for 35 seconds,

13. Check the oil flow indicator forap/ -itive
flow of oil which would indicate an adequate o0il
charge.

14. Reset the MODE SELECTOR switch to
the AUTO position and shut off the vapor cycle
system. '

ADDING REFRIGERANT.-If a refrigerant
system is nierely low on Freon causedbya leak
which has been corrected, it can be topped off
or added to in the following manner:

1. With the servicing cart connected to the
aircraft in the same manner as was previously
described for charging the complete system and
the vapor cyc'e s tem ON, open the lower
charge valve and it small quantities of re-
frigerant into the sysiem, usingthe charging cyl-
inder valve (15) to meter the flow. When bubbles
in the refrigerant sight glass have cleared, add
onc additional pound of freon and close ti-:
charge valve.

2. Clos the charging cylinder valve and
disconnect the charging hose and gtore it in the
cart.

3. Reset the MODE SELECTOR switch to
the AUTO position a:; before and then shut off
the vapor cycle sy:tem.

ADDING LUBRICATING OIL.— I the liquid
level sight gage on the oil reservoir indicates
that lubricating oil is low, it maybe added in the
following manner:

1. Fill the servicing cart oil charging cyl-
inder with 700 cc of Ansul 150 lubricating oil.
Pressurize the cylinder by connecting it to the
Freon charging system of the cart and opening
valve (1) until the oil charging cylinder pressure
gage rcads 85 psi.

2. Start the vapor cycle gystem (thls ig
always accomplished following the specific in-
gtructions provided in the Maintenance Instruc-
tions Manual).
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3. Connect the supply hose from the oil
charging cylinder to the lower charging valveon
the evaporatcr group. Do not tighten the coupling.
Open the oil cylinder supply line and purge the
supply hose until oil escapes from the coupling,
then tighten the coupling.

4, Place the MODE SELECTOR switch in
MAN position and h61d the MANUAL TEMP CONT
switch in DEC position for 35 seconds, This will
increase the speed of the refrigerant com-
pressor,

5. Open the lower charge valve and let oil
flow into the system until the oil level is in the
top quarter of theoil reservoir sight glass. Close
the charge valve and shut off the oil cylinder.
Disconnect the hose from the charge valve and
store the cylinder in the service cart.

6. Reset the MODE SELECTOR switch to
the AUTO position and shut off the vapor cycle
system.

SAFETY PRECAUTIONS

To prevent injury to personnel and damage
to equipment, the following safety precautions
and handling procedures shouldbe observed when
working with Freon:

1. When handling Freon, protective equip-
ment (apron, gloves, goggles, and face mask)
must be worn.

2. If liquid Freon comes in contact withthe
skin, treat the skin for frostbite.

3. If liquid Freon comes in contact with the
eyes, medical attention must be sought imme-
diately. The following first aid treatment should
be administered: Do not rub or irritate the eyes;
drop sterile mineral oil into the cyes; then wash
the eyes with a boric acid solution if the irrita-
tion continues.

4, Freon Is stored in cylinders that are
color coded orange with appropriate lettering for
identification. These cylinders should behandled
carefully because the pressure inside the cyl-
inder depends upon the ambient temperature.
Refrigerant cylinders should not be exposed to
high temperatures or flames. Cylindersthat are
used for high-pressure liquids should never the
thrown around, dropped, or used for anything
other than their intended purposec. Refrigerant
cylinders should never be filled to more than 85
percent of their capacity.

5. Freon tencds to diswulve natural rubber;
therefore, only the recommended gaskets, O-
ringsy, and packings should be used in the vapor
cycle system.
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Chapter 5—PRESSURIZATION AND AIR-CONDITIONING SYSTEMS

MAINTENANCE DOCUMENTATION BY
AN ASSISTING WORK CENTER

Malfunctions of the air-conditloning system
could be of an electrical or mechanical nature
or, Iin the case of the vapor cycle system cov-
ered in this chapter, it could be electrical,
mechanical, or hydraulic, When isolation and
correction of a malfunction requires the gserv-
fces of more than one rating and/or work cen-
ter, the work center that the discrepancy is most
likely to concern is designatedthe primary work
center. Any other work centers which are in-
volved in either the isolation or correction (or
both) of the discrepancy {s designated asthe as-
sisting work center.

The assisting work center will account for
its manhours utilizing a single copy Maintenance
Action Form (MAF). Figure 5-28 provides an
example of a single copy MAF originated by an
AME assigned to work center 131 who provided
agsistance to the activity’s electric shop inper-
forming an operational check of the vapor cycle
system and correcting a discrepancy.

The data elements on the MAF turned in by
the assisting work center will match those on
the MAF turned in by the primary work center
except as follows: Block 5 w1 v« ~ct the as-
sisting work center’s code, ¢ ek 1% will show
0 items processed, and bloc! s 1% :ud 15 will
reflect the manhours and elaj .¢* .aaintenance
time actually used in assisting the primary work
center.

Block 7, the actlon date, may or may not dif-
fer since {treflectsthe date of completion of the
agsistance and not the correction of the primary
discrepancy.

No entries will appear in blocks 20, 21, 31,
or 40-

The narrative description and corrective ac-
tion may or may not be the same as that of the
primary work center.

Complete information for documenting main-
tenance actions is provided in Military Require-
ments for Petty Officer 3&2, NavPers 10056-C,
and OpNav Instruction 4790.2 (Series).



CHAPTER 6

UTILITY SYSTEMS

The utility systems of an aircraft provide an
additional measure of flight safety, pilot com-
fort and convenlence, and contribute tothe over=-
all mission capabllities of the alrcraft, Those
utility systems of primary concern to the AME
and Included in this chapter are the various
auxiliary bleed-air systems, fire extinguishing
systems, life raft ejection systems, coolanol
type liquid coolant systems, and thermal radia-
tion protection systems.

AUXILIARY BLEED-AIR SYSTEMS

In addition to being used for pressurizing
and air conditioning the cockpit and electronic
equipment compartments, jet engine bleed air
I8 used for a number of other purposes, Among
these uses are the defrost/defogging of the
canopy and windshield; windshield washing,
anti-icing, and rain removal; inflation of the
canopy seal; pressurizing of the pilot’s anti-g
suit; pressurizing of fuel tanks and hydraulic
reservoirs; and wing and tail leading edge de-
icing/anti-icing. These systems arc all gen-
erally referred to as auxiliary bleed-air sys-
tems.

Thige systems are tapped into the cockpit/
cabin aiv-conditioning and pressurization sys-
tem; however, cach auxiliary system has itg
own controls for turning air off and on, limiting
pressure, cte, Figure 5-1 provides an example
of a typical air-conditioning and pressuri.ation
gystem, Note the variety of auxiliary bleed-air
gystems tapped off the system ducting at various
points and the auxiliary bleed-air gystem con-
trols located on the master air-conditioning
panel, Bleed-alr controls on thig panel include
the defoy alrflow thumbwheel control, anti-
feing, windshlield washing, and ratn removal
coutrols, These auxiliary systems are typleal
of thoge found on most carrier type alrecaft,
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Several individual systems and assoclated
components are described and illustrated in
this chapter.

DEFROST/DEFOGGING SYSTEMS

A typlcal defrosting/defogging system in-
stallation is shown in figure 6-1, The bleed alr
supplied to the defog outlets (diffusers) Is a
pressure regulated and temperature controlled
mixture of direct engine bleed air and bleced air
that has been slightly cooled by passing through
the main section of the ram alr heat exchanger,
(See fig. 5-1, ch. 5.) The pressure of the de-
fogging system air I8 regulated by the action of
the defog pressure regulator-shutoff valve.

Cockpit controls consist of the defog airflow
control thumbwheel. (See the master alr-con-
ditioning control panel fig. 5-1.) The thumb-
wheel shuts the defog system off and on by
closing or opening the butterfly valve of the
pressure regulator-shutoff valve and controls
the pressure (airflow) of the defog air within
the limits of the valve.

Moving the thumbwheel from the OFF posi-
tion to position setting 1 turns the system ON,
Further movement of the thumbwheel in the
clockwise direction to a higher setting (num-
hered 1 through 14) inereasces the flow of defog
alr through the pressure regulator-shutoff valve.

A temperature sensor, high limit switch,
temperature control valve, and electrical tem-
perature controller operate to automatically
maintain the temperature of defog afrflow sup-
plicd to the canopy and windshield diffusers at
approximately 240" F, This tomperature control
18 hasically achieved by the defog and equipment
cooling temperature controller, causing the de-
fog temperature control valve to cyele from
open to c¢loge, Cycling of the temperature con-
trol valve regulates the flow of engine bluad alr
volng to the 6upply lines and mixing with the
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Figure 6--1.~Defogging system.

partially cooled air flowing from the main sec~
tion of the ram alr heat exchanger. (See fig.
5-1.)

Defog Pressure
Regulator-Shutoff Valve

The defog pressure regulator-shutoff valve
illustrated in figure 6-2 is pneumatically oper-
ated and solenold controlled, When the DEFOG
AIRFLOW thumbwheel (8 in the OFF position
the solenoid is deenergized, Alr from the v -
stream slde of the butterfly valve passes through
the control air p» ge to chamber ‘A’ and
past the pilot val' ., assembly to chamber /B!’
With equalized pressure on both sides of the
large diaphragm, the ninssur¢ on tha smali:r

A0 1143
diaphragm and the spring force .yuins’ * arge
diaphragm combine to close th. butte-tlv \dve
and/or hold it closed,

Energizing of the solenoic "y 2t the
thumbwheel from OFF to poaiti. J, =~ ds air

from chamber B’/ through th - ' a»id, and
air pressure acting on the cham.  ‘‘A’’ sldeof
the large diayhragm causes the buiterfly valve
tno open.

As the valve ope. downstream air is ap=-
plied through the downstream prel-.ure sensing
line to the bhottom side of the pilot regulator
diaphragm, The regulator valve stem unsgeats
and permits upstre...n control airflow to cham-
ber ‘‘B’. As the airflow thumbwheel is turned
clockwife to higher numbered settings, less
pregsurc {8 felt at the bottom of the pilot
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Figure 6-7,—Defog pressure repulator-shutoff valve,

regulator diaykragn, Conseqgiently, the regula-
tor valve stem is tovered into the pilot valve
assembly, restricting atrflow to chamber ‘B’
and increasing the pressure in chamber ‘‘2."
This ¢ »ses the butterfly salve to open furthor,
increasing, *he airflow throurh the valve,

If downsiream duct pressure exceeds the
values of the regulator setting, the puot valve
would open fwly and, since the opemng i the
soleernid valve {8 small, {t would not be capable
of bleeding off the Increasced atrflow into ¢cham-
fei . " The buildup of alr pressure tn cham-
ver B’ would move the butterfly valve te wa ds
the closed position unttl pressure is redu ed
to within repulation limits,

Defoy, Temperature Control Valve

The defog system tempe rature conirol valve
g gimilar to the mir-conditioning syste. . shutoff

and temperature cont. .l 4’ ses covered in
chapter 5, and therefore v additional coverage
Is provided in this chapte. . Ag previously stated,
te valve operates in r:;ponse to electrical
signals from the defog and equipment (elec-
tromic) cooling temperature controller.

Canopy Defog Shut 1T vilve

The c.nopy defog shutoff valve (fig. 6-1) ig
a gimple mdchanically actaated spring-loaded
butterfly valve. The body .f the valve forms a
part of the defog diffuser v..cting, As the canopy
Is closed, a levr, which 18 rigidly connected
to the butterfiy valve, 15 aligned with a striker
mounted on the ' end of the canupy center
beam. The striker moves the lever to open the
butterfly valve and allow defog airflow to the
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cano;;y diffusers. When fiie canopyopens, Spring
tension closes the butterfly valve and blocks
the airflow.

Canopy Defog Control Valve

The canopy defog control valve (fig. 6-1) is
a manually operated butterfly valve located aft
of the canopy shutoff valve in the inlet ducting
to the canopy diffusers. The valve is manually
controlled by a cable-connccted actuating lever
located on the canopy overhead center beam,
This valve provides a means of manually con-
trolling the defog airflow through the canopy
diffusers. Partial closing of this valve will
direct a larger portion of available defog air-
flow to the windshield diffusers to provide a
more rapld defogging/defrosting action. Arapid
change 'in altitude and subsequent outside air
temperature surrounding the aircraft could
frost or fog the windshield and/or canopy and
present a flight hazard. Since directional viston
through the windshield is generally more im-
portant than side vision through the canopy dur-
ing altitude changeg, it may be desirable or
necessary to insure that the windshield receive
some priority of defrosting/defogging airflow.

WINDSHIELD WASHING, ANTI-ICING,
AND RAIN REMOVAL SYSTEMS

Alrcraft windshield washing, anti-icing, and
rain removal systems are designed to wash,
dry, and delce the pilot’s and copilot’s wind-
shield or windscreen. On alrcraft with a side by
gide seating arrangement to accommodate a
pitlot and copilot, both windshield panels are
washed, dried, and kept clear of rain. On dual
arrangem :'s where the right seat is occupled
by a rada. intelligence officer, bombardier
navigator, observer, etc., the right windshield
panel may or may not be serviced by sucha
gystem,

Figure 6-3 provides a schematic of atypical
windshield washing and rain removal system
where washing, drying, and rain removal are
provided only to the pilot’s windshield panel.
The system 18 controlled by the three-position
gwitch located on the master alr-conditioning
panel.

When the switch is placed at the WASH posi-
tion, the windshield washing valve solenold is
rnergized and the valve directs pressure regu-
rated partially cooled air from the alrcraft’s
z1r-conditioning and presgsurization gystem

auxiliary heat exchanger to the windshield
washing tank. The tank contains a mixture of
50% methyl alcohol and 50% water. Pressure
forces this mixture from the tank through the
windshield washing nozzles and onto the left-
hand winds.ield panel.

Plaziag the windshleld switch at the AIR
positicn ener--izs the solenoid of the rain re-
moval s essure regulator-shutoff valve. The
valve ou:nc to allow hot engine bleed airflow
throu.» the .alve to the rain removal nozzle
assembly. Ftigure 6-4 shows the windshield
wash and rain removal nozzle installation and
the manner in which hot engine bleed air is
mixed with ambient air and directed at the wind-
shield panel.

The pressure regulated bleed air discharg-
ing from the ejector nozzle into the ejector
passage creates a suctionor low-pressurearea.
Ambient air is drawn Into the ejector, mixed
with the bleed air, and then forced into the
plenum chamber where It is distributed to the
nozzles that direct the partially cooled (still
hot) air in a wide stream across the entire
windshield panel. The plenum chamber provides
an approximately equal pressure toeachnozzle.
The temperature of the the alr exitingfrom the
nozzles will vary, depending upon engine speed
and outside alr temperatures.

Windshield Washing valve

The windshield washing valve (fig. 6-3) con-
trot., tiie alr pressure to the windshield washing
fluid tank. It i8 a combination valve, providing
pressure regulation, shutoff and dumping, check
valve, and rellef valve features.

When the valve solenoid 18 deenergized, the
inlet port is sealed from the outlet port, and
the outlet port is open to the exhaust port. When
the shutoff valve I8 seated, the linkage pin be-
tween the shutoff valve and the relief valve
holds the relief valve off its seat, venting the
tank to ambient, Therefore, in the deenergized
position, the valve Is performing the functions
of a shutoff valve and dump valve.

Energizing the solenold (windshield switch
in the WASH position) opens the shutoff valve
and seats the relief valve. Partially cooled
bleed air passes through the pressure reducer
valve and the check valve and out the outlet
port. Pressure bulldup in the passage from the
check valve to the shutoff valve section acts
upon the pregsure regulating diaphragm. The
diaphragm rises as the pressure bullds, slowly
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reducing the opening of the pressur2 reducer
valve until the pressure at the outlet port
stabilizes at approximately 9 to 10 psi,

If the pressure in the washing tank exceeds
approximately 13 psi, the relief valve will open
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to keep the tank pressure within safe limits,
The check valve in the windshield washing
valve prevents washing fluid from flowing back
through the pressure reducer valve, This could
occur if inlet pressure drops below tank and
outlet pressure« .
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Outlet air pressure can be adjusted exter-
nally by loosening the locknut and turning the
screw to adjust the spring tension against the
pressure reducer valve, Turning the screw
clockwise Increases the outlet pressure.
Counterclockwise movement reduces the outlet
pressure. When adjusting pressure, the outlet
line to the tank should be disconnected and a
pressure gage Installed in the outlet port.

Rain Removal Pressure
Regulator-Shutoff Valve

This pneumatically operated, solenold con-
trolled valve regulates outlet bleed-air pressure
at the valve to approximately 78 psi. While the
physical appearance of the valve Is slightly
different than the defog pressure regulator-
shutoff valve (fig. 6-2), the principle of opera-
tion of the two valves is identical and no further
coverage I8 provided.

CANOPY SEAL SYSTEMS

On most pressurizedaircraft, provisionsare
made for sealiag the canopy by making use of
engine bleed air to inflate a rubber tube which
forms a pressuvre-~tight geal between the canopy
and the fuselage. Initfation of seal inflation and
deflation is caused by mechanical, electrical, or
hydraulic means. An electrically controlled and
a mechanical/ hydraulic controlled system will
be covered in this section,

Electrically Controlled
Canopy Seal System

A typical electrically controlled canopy seal
system installation is illustrated in figure 6-5.

An air pressure regulator maintains the
proper pressure within the seal by combining
the functions of a pressure ragulator, relief
valve, and shutoff valve. A spring-loaded check
valve I8 installed in the line between the high-
pressure duct and the pressure regulator, This
valve prevents pressure from backing into the
engine bleed-alr system duct when testing the
canopy seal system and also tr.ps pressure in
the canopy seal in case of engine failure,

Ground pressurizing facilities are provided
for testing during maintenance and pressurizing
the canopy seal when the aircraft is stored on
the carrier deck. These facilities are usually
mounted on the cabin air pregsur: test panel as
shown in figure 6-3. One connection i8 used for

ground test; the other, which ig normally the
seal vent, is used for ground pressurization of
the canopy seal. Ground pressurization is ac-
complished without the use of electric power on
the aircraft. An alr bottle with a regulator is
connected to the seal vent and ground pres-
surization connection, and 15 psi air pressure
is applied to the canopy seal. The external air
pressure must remain attachedtothe connection
to maintain pressure in the seal. When the air
bottle {s disconnected, the pressure in the seal
is dumped.

NOTE: The seal vent and ground pressuriza-
tion port has a small scrzen over the outlet
which must be kept clean and free from
obstructions,

Components

The components which make up the canopy
seal system are shown schematically in figure
6-6. Of the components shown, only the pressure
regulator and the canopy seal are discussed in
detall,

PRESSURE REGULATOR.,~—The canopy seal
regulator consists of three main sections: an
air inlet and pressure regulator section; an air
outlet, dump, and shutoff section; and a pressure
relief section,

The air inlet and pressure regulator section
incorporates a spring-loaded diaphragm that
controls a poppet va - to regulate the pressure
of outlet alr, An adjustment screw at the top of
the housing can adjust the regulating mechanism
to maintain any desired pressure between 10 and
30 psi,

The air outlet, dump, and shutoff section
incorporates a solenoid-operated poppet valve
that is spring loaded to a normally closed posi-
tion. When 28 volts d. c. is applied to the solenoid
(canopy closed and locked), the poppet valve will
close a dump port in the housing and open a
shutoff passage. Regulated air from the inlet
and pressure regulator section can then flow
through the valve to inflate the canopy seal. When
the solenolid is deenergized (canopy open), the
poppet valve closes the shutoff passage and opens
the dump port. This shuts off the flow of supply
air, and the seal pressure {8 allowed to dump
through the valve (vent port) to the overboard
vent 1line,

The pressure relief sectinn incorporates a
spring-loaded diaphragm that responds to seal
pressure to open or close an escape vent. If seal
wregsure reaches a maximum of 22 pai, the
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escape vent opens and allows excessive pres- slve pressure from building up within the
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hole. The relief section also prevents exces- closged,
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in the event of anelectrical failure, the regu-
lator automatically dumps as the solenoid is
deenergized.

The canopy seal pressure regulator portsare
marked IN, CANOPY, and VENT to insure proper
installation.

CANOPY SEAL.-The canopy seal is an in-
flatable tube which is designed to fit in the
crevice between the canopy frame andthe fusel-
age frame. The seal Is made of rubber and is
designed for installation on the canopy without
the use of adhesives. The seal is attached by
inserting a molded flange into a U-shaped groove
which is installed on the canopy. Figure 6-6
provides a cross-sectional view of the seal,
The flange-to-channel Installation facilitates
eagsy removal and installation of the canopy seal.

The canopy seal is attached to the system by
means of a short piece of tubing which extends
from the interior of the seal through the bead,
Treads on the seal contacting surface (fig. 6-6)
mate with the surface of the cockpit frame to
provide increased sealing qualities when the
canopy is closed and the cockpit is pressurized,

Operation

Power for the operation of the pressure
regulator is routed from the aircraft’s 28-volt
d-c electrical power system tiirough the canopy
latched switches to the solenoid-operated com-
bination dump and shutoff valve. When the
canoples are closed and locked (withthe engines
running), the solenoid Is energized, thus causing
the shutoff valve to open and the dump valve to
close. (See A, fig. 6-6.) This allows regulated
air to pressurize the canopy seal.

Should the canopy seal pressure reach a
maximum of 22 psi (dve to rapid altitude
changes), the relief valve in the regulator will
open (I’ fig, 6-6) and vent the excess pressure
overbosr i throughthe bleed hole in the regulator,

Whert, #ither canopy I8 opened, the electrical
circuit 18 broken, removing power from the
solenoid. The dump valve then moves (spring
loaded) to open the vent port and shut off the
flow of alr to the seals (C, fig, 6-8). With the
VENT port open, canopy Seal pressure flows
back through the dump valve and vents over-
poard, thus eflating the seals. Seal pressure,
in this instance, fiows through the VENT port of
the valve tr the canopy seal vent fitting on the
cabin alr .. .s8sure test panel where it is vented
overboard.

N

s

11

Mechanical/Hydraulic Controlled
Canopy Seal fystem

The canopy seal control valve illustrated in
figure 6-7performs basically the same function
as the electrically controlled valve covered
previously and illustrated in figure 6~:. The
primary difference in the two valves is the
means of controlling them, This valve is
mechanically actuated to initiate inflation of the
canopy seal and is hydraulically tripped to shut
off and dump seal pressure.

As the canopy approaches the fully closed
position, the canopy structure contacts the valve
spring cover, slightly compressing the spring
inside. The compressed spring causest! 2 valve
plunger to move against the beilcrank. The
bellcrank, in turn, forces the disc valve as-
sembly to move downward against spring pres-
sure, closing the bleed-air dump vent and open-
ing the lower disc valve to port regulated
Llecd-air pressure to the canopy seal,

The bleed air utilized to inflate the seal has
heen cooled by passing it through the auxiliary
heat exchanger of the aircraft’s environmental
control systems. The pressure of the bleed air,
as It enters the canopy seal valve andflows into
the regulating chamber, will be in a range of 30
to 250 psi.

As bleed-air pressure in the regulating
chamber builds up, the diaphragm of the adjust-
able pressure regulator section of the canopy
seal valve will maintair.a regulated air pressure
to the seal in a range from 13 to 18 psi. The
relief valve in the regulating chamber is set to
open at 24 psi as a safety backup in the event of
regulator failure.

When the canopy switck is positioned to
OPEN, hydraulic pressure from the canopy open
-;ne first flows to the canopy seal control valve.
The hydraulic pressure acting on the piston
causes the piston, the bellcrank, andthe plunger
to move against spring tension. Tripping of the
bellcrank allows the disc valve assembly tomove
upwards, shutting off bleed-air pressure and
dumping canopy-seal pressure, The seal deflates
and then the canopy proceeds to open. As the
canopy structure moves away from the plunger,
spring tension is rellevedand the bellcrank stays
in the dump positic.:..

Notice in the seal dun.pedand canopy opening
view (fig, 6-7) that the relief valve isopen, The
cloging of the lower disc valve, which stops
incoming hleed air, causes a momentary over-
pressurization within the pressure regulating
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chamber, The relief valve will open until the
pressure within the chamber has had time to
act on the regulating diaphragm and close the
bleed-air inlet valve and pressurc drops below
24 psi.

ANTI-G SYSTEMS

The purpose of an anti-g system is to supply
air pressure for inflating the pilot’s anti-g suit,
The anti-g suit is worn to counteract the effects
of prolonged acceleration on the pilot, The ill
effects of such acceleration may range from
excessive fatigue and decreased alertness to
blackout and unconsciousness,

Though there is no limit to the speed a
human being can endure in straight and level
flight in an aircraft, changing speed or direction
can lead to reactive forces of inertia to which
the body has a sharply limited tolerance. In the
case of extreme stresses exerted by acceleration
of the type met in seat ejection, the short dura-
tion of the acceleration restricts its effects.
However, changing the direction of flight often
nroduces prolonged radial acceleration (longer
than a second) which canhave dangerous effects.

At 5 g’s the pilot’s body is exposedto a force
of inertia which increases its ‘“weight’’ andthat
of its components five times. This increased
‘“weight’’ has many effects. The pilot is pushed
down into his seat. His arms and legs feel like
lead, and manipulation of the controls becomes
more difficult. .1 addition, the extra weight of
the viscera (internal organs) causes abdominal
and chest discomfort. Most important, however,
is the effect on the circulatory system.

At 5 g’s the pressure exerted by the column
of blood between the headand the heart becomes
just about equal to the blood pressure in the
arteries. As a result, the pressure supplied by
*he heart is not great enoughto pump an adequate
sunply of blood to the head.

To counteract these effects, the arterial
pressure must be increased above the heart
level. At the same time, distended vesselc and
tissue and fluid spaces in the regions below the
heart must be restored to normal. This is ac-
complished by the anti-g suit, With the anti-g
system, compressed air is metered to the suit
in proportion to the acceleration, and the suit

compresses the legs and abdomen of the wearer"

by an amount proportional to the acceleration,
Thus, the suit prevents venous pooling in the
abdomen and lower extremities andforces blood

This effect increases venous return to the heart
and increases resistance to the shifting of blood
to the lower limbs. In addition, it causes the
diaphragm to be raised and thus decreases the
distance between the heart and the eyes and/or
the brair. Altogether, it increases the toler-
ance of the pilot an average of about 2 g’s.

Without an anti-g suit, the average pilot can
withstand 4.5 to 5.5 g’s without losing vision or
blacking out. With a suit, he is capable of with-
standing 6.0 to 7.0 g’s. However, this protection
is available only for sustained accelerations of
4 to 5 seconds or longer in maneuvers other
than snap maneuvers. Anti-gequipmentdoes not
offer protection in snap maneuvers where 10 to
12 g’s can be applied in approximately 1 second,
Such brief forces are not as harmful tnthe bady
as lesser forces which are sustained foranum-
ber of seconds.

Typical Anti-G System

Most anti-g systems are similar to the oue
illustrated in figure 6-8. The anti-g system
usually . consists of a supply line, an air filter,
a pressure regulating valve, a connecting hose,
and a suit attachment fitting (quick disconnect),
The air pressure supply lire is connected into
the aircraft’s bleed-air system downstream of
the heat exchanger.

The air pressure for inflating the anti-g suit
is regulated by the pressure regulating (anti-g)
valve., The pressure regulating valve begins to
function at a predetermined number of g’s. The
amonunt of pressure delivered depends on the type
of regulator installed in the aircraft., NOTE:
_There are two types of anti-g valves incurrent

Tuse-—a two-stage valve and asingle-stage valve,

The operation of the anti-g system is auto~ -
matic except for systems which utilize the two--
stige valve, Thé pilot plugs his anti-g suit into
the quick disconnect; and when the aircraft isin
flight, air pressure is supplied to the suit in
proportion to the g load imposed ontheaircraft,
Operation of the pressure regulator and various
other components is discussed in the following
paragraphs.

Pressure Regulating (Anti-G) Valves

PRESSURE REGULATING VALVE (TWO-
STAGE).—~This regulating valve is a standard
unit which is used on several naval aircraft
models. The regulating valve is mounted on the

from the lower to the upper part of the body, console near the pilot’s seats -
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Figure 6-8.—Anti-g system schematic.

The pressure regulating valve regulates the
pressurized air received from the aircratt’s
bleed-air system to provide the proper pressure
for the operation of the pilot’s anti-g suit. The
valve begins to function at a predetermined
number of g’s. Pressure deliverea depends
upon the setting of the control knob (fig. 6-9)
which is marked HI and LO.

When the control knob is set at LO, the valve
opens at approximately 1.75 g’s and then subse-
quently, allows 1 psi air pressure to passto the
suit for each additional increment of 1 g. For
example, at 3 g's the valve delivers 1.25 psi
air pressure to the suit.

When the control knob is set at HI, the valve
opens at approximateiy 1.75 g’sandthendelivers
1.5 psi air pressure for each increment of 1 g
above 1.75 g’s. For example, at 3 g’s the valve
allows 1.87 psi air pressure to pass to the suit.

When accelerations decrease below 1.75 g’s,
the valve closes ar:d exhausts the suit pressure
into the cabin atmosphere, thus allowing the sur
to deflate.

The valve as' mbly contains a relief valve
that acts as a . .fety device by limiting air
pressure to the :uit in case of a valve failure,
a test button tc ‘acilitate inspection of valve
operation, and t'. connection fittings.

Ve

e
e

One of the connection fittings, marked IN,
receives ‘*'e inlet air pressure from the engine
compres .ur snction; the other fitting, marked
OUT, on the relief valve side, delivers outlet
pressure to the anti-g suit. There are three
additional screened openings on the valve, but
they do not serve as connection points, They
are the discharge «utlet, the suit vent, and t'e
relief valve opening, It is necessary that the
air from these openings he discharged into the
cockpit atmosphere in order to maintain proper
differential pressures in the suit.

A manual test button is located inthe control
knob recess for testing the vaive for operation.
The pressure regulating valve requires no
maintenance and no repairs can be made. A
defective valve assembly should be replaced with
a new unit.

PRESSURE REGULATING VALVE (SINGLE-
STAGE).—~The newer aircraft are designed with
an anti-g system which has a single-stage type
pressure regulating valve. This valve (fig.
6-10) utilizes the high-pressure features of the
two-stage valve.

The valve begins to open at approximately
1.5 g's, and pressure is supplied to the
suit at the rate of 1.5 psi for each addi-
tional g.
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AVIATION STRUCTURAL MECHANIC E 3 & 2

This valve is designed to receive air pres-
sure from the bleed-air system at varying
pressures and to meter a maximum of 10 psi to
the anti-g suit, A relief valve bleeds off the
excess air pressure and inaintains a maximum
of 9 to 11 psi in the valve outlet chamber. Figure
6-11 illustrates the operation of the single-stage
anti-g valve.

When a force of approximately 1.5 g’s is
exerted on the aircraft, the activating weight
overcomes the upper spring tension and closes
the exhaust valve (A, fig. 6-11). As the weight
travels downward, it further depresses the valve
assembly, forcing the demand valve from its
seat, thus overriding the pressure of the lower
spring and opening the demand valve. Alr pres-
sure then flows past the open demand valve,
through the valve outilet into the valve outlet
line, through the suit quick disconnect, and into
the anti-g suit.

As the g ‘orces being applied to the aircraft
are stabilizead and becomes constant, the pres-
sure under the uctivating weight diaphragm
builds up sufficiently to lift the weight and to
reduce the pressure on the valve 2assembly
enough to close the demand valve (B, fig. 6-11).
The demand valve closes under pressure of the
heavier lower spring, while the exhaust valve
remains closed by the activating weight, The
suit pressure is then trapped in the outlet
chamber of the anti-g valve and remains cor-
stant until the g forces ~hange.

As the g forces decrease, the dovaward
force on the activating weight diminishes to a
point at which the upper spring lifts the weight
off the exhaust valve. The pressure in the suit
is then vented through the exhaust port (C, fig.
6-11) into the cockpit.

Anti-G System Filter

Figure 6-12 illustrates .an anti-g system
filter. It is installed in the air pressure supply
line before the anti-g system pressure regulating
valve as shown in figure 6-8. The filter pre-
vents foreign matter, dust, and abrasives from
being blown through the lines into the regulator.
The filter element is removable and should be
replaced at the interval prescribed in applicable
maintenance requirements card deck or asspe-
cified in the Maintenance Instructions Manual.

Quick Disconnects

The anti-g suit i8 connected to the anti-g
system by means of a quick~disconnect coupling.

PRESS TO TEST
BUTTON

RELIEF
VALVE

w0
Ny

PRE.LAE
ouTLer
{(TO SUIT}

AM,109
Figure 6-10,~Anti-g pra.su -
regulating valve (single wtam:

This quick disconnect may be :-he¢~ a single
unit which connects the anti-g Luwit orly, or it
may be a composite quick digconnect ¥iicacon-
nects the pilot to the various persona’ aervice
lines (oxygen, ventilating air, anti-gsystem, and
communications).

ANTI-G QUICK. DISCONNECT.--The anti-g
system quick disconnect is used on aircraft
which are not eguipped with a composite quick
disconnect attached to the ejection seat, This
disconnect is vp a hose which protrudes throvgh
the pilot’s consols, It is attached by a li-aible
hose to the outl<c pirt of the anti.g vressure
regulating valve. Thi: lisccunect inay be pulled
up to a bumpsr scoop to fa.iiitate zonnecting the
anti-:, ~uit hose A spring-loaded cover on the
dis- vaect pravents the éatry of foreign material
wh- « the system I8 not in use.

“SOMPOSITE  QUICK DISCONNECT. —The
ne: ugh-perfort .ance alrcraft utilize 2 com-
positz quick disconnect to provide a single point
corr.ection for quick connecting and disconnect-
ing the anti-g, oxygen, ventilziton 2ir, and com-
munications systems to the pilot’s eq.ipment.

The composite Juick disconnect illustrated
in figure 6-13 provides a connection for all of
the previously mentioned systems, Some dis-
connects provide a connection point for only
one or more of these systems withany remaining
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Figure 6-11,—Anti-g valve operation (single stage).

system connections located on the left or right
cockpit consoles as necessary to provide easy
connecting and disconnecting,

This disconnect consists of three se} “rate
blocks. The lower block is attached to the air-
craft, the intermediate block is attached to the
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Figure 6-12,—Anti-g system filter.

survival ¥it, and the upper block is part of the
pilot’s personal leads disconnect assembly.

NOTE: The survival kit mentioned above is
used to house the pilot’s life raft, first aid kit,
and the emergency supply of oxygen. It forms
the pilot’s seat in the ejection unit and is de-
tached from the unit when the pilot leaves the
seat after ejection.

The lower block of the composite quick dis-
cot.nect 8 connected to the cockpit deck under
the seat by a lanyard. It provides a means of
Separating the aircraft’s personal services from
the seat in the event of ejection. A ball locking
mechanism is incorporated to lock the lower
block to the intermediate block. An emergency

oxygen system interlock mechanism is used to
actuate the emergency oxygen system when the
ejection seat is fired.

The lower block is pulled from the survival
kit during the ejection sequence by the release
lanyard, which is attached to the cockpit deck.
A ditching ring attached to the release lanyard
releases the lower block when the pilot leaves
the )aircraft after ditching (a crash landing at
sea).

The intermediate block is secured to the
survival kit container ana provides a mounting
receptacle for the upper and the lower blccks.
The intermediate block countains an emergency
oxygen feature which automatically providesthe
pilot with oxygen when the seat is ejected from
the aircraft.
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Figure 6-13.—Composite quick disc